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FOREWORD 

The  Defense  Communications  Engineering  Center  Technical  Reports 
(TR's)  are  published  to  inform  interested  members  of  the  defense  com- 
munity regarding  technical  activities  of  the  Center,  completed  and  in 
progress.  They  are  intended  to  stimulate  thinking,  encourage  infor- 
mation exchange,  and  provide  guidance  for  related  planning  and  research. 
They  are  not  an  integral  part  of  the  DoD  PPBS  cycle  and  should  not  be 
interpreted  as  a source  of  program  guidance. 
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SUMMARY 


This  Technical  Report  defines  performance  requirements  for  the 
emerging  DCS  Digital  Transmission  System.  A global  circuit  model  is 
developed  which  consists  of  government-owned  terrestrial  and  satellite 
segments  and  a leased  terrestrial  segment.  End-to-end  availability 
and  circuit  quality  requirements  are  defined  and  these  basic  require- 
ments are  allocated  among  the  various  segments  of  the  circuit.  Within 
each  segment,  requirements  are  allocated  down  to  individual  line-of- 
sight  or  troposcatter  links.  Link  characteristics  which  are  specified 
include  fade  margin,  system  gain,  mean- time- between- loss  of  synchroniza- 
tion and  bit  count  integrity  and  individual  equipment  availability. 

The  global  circuit  model  is  defined  as  consisting  of  a 2400  mile 
leased  segment  in  CONUS,  two  transoceanic  satellite  hops,  and  a 2400 
mile  overseas  terrestrial  segment.  The  end-to-end  availability  require- 
ment for  this  circuit  is  specified  to  be  99%. 

The  specified  measure  of  voice  channel  quality  is  the  probability 
of  a transmission  disturbance  (perceived  by  the  user  as  a noise  burst), 
during  a basic  five  minute  call.  The  herein  specified  requirement  is 
that  not  more  than  10%  of  all  calls  via  the  global  reference  circuit 
sustain  any  noticeable  disturbance  and  that  not  more  than  1%  of  all 
such  calls  sustain  a disturbance  lasting  longer  than  five  seconds. 

The  specified  measure  of  data  channel  quality  is  the  probability 
of  error- free  transmission  of  1000  bit  data  blocks.  The  specified 
error- free  block  requirement  is  that  99%  of  all  blocks  transmitted  shall 
he  error- free. 

These  requirements  are  translated  to  link  design  requirements.  The 
1 ine-of-sight  RF  link  requirement  translates  to  a media  unavailabil ity 
of  3.5  X 10"°.  For  a nominal,  space- divers ity  link,  this  corresponds 
to  a 38  dB  margin  to  the  10"^  bit  error  rate  point,  but  each  link  margin 
must  be  separately  chosen  based  on  individual  link  terrain,  climate  and 
diversity  characteristics.  Appendix  C relates  these  requirements  to 
previously  used  DCS  link  design  criteria. 

For  troposcatter  links,  requirements  are  stated  separately  for  L- 
band  and  C-band.  The  L-band  requirement  is  the  maintenance  of  at  least 
a 12  dB  average  signal-tc-noise  ratio  at  the  demodulator  input  for  all 
but  0.075  percent  of  the  time.  The  C-band  requirement  specifies  a 15  dB 
average  signal-to-noise  ratio  for  dual  diversity  and  an  8 dB  average 
signal-to-noise  ratio  for  quad  diversity  for  all  but  0.01  percent  of  the 
time. 


The  effects  of  synchronization  loss  and  loss  of  bit  count  integrity 
are  examined.  It  is  concluded  that  these  factors  will  not  cause  signifi- 
cant system  degradation  if  not  more  than  10%  of  all  1 ine-of-sight  fade 
outages  and  not  more  than  1%  of  all  troposcatter  fade  outages  result  in 
loss  of  synchronization  or  BCI.  The  resultant  requirements  for  coding 
protection  for  the  pulse  stuffing  control  word  and  multiplexer  synchron- 
ization code  protection  are  derived. 

The  end-to-end  availability  requirement  of  99%  is  allocated  to 
individual  system  elements.  This  allocation  results  in  a basic  RF  link 
equipment  unavailability  of  4 x 10"^. 
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1.  INTRODUCTION 


1 


A Digital  Transmission  System  is  being  developed  for  the  DCS  in  the 
post-1980  time  frame.  A system  level  specification  is  needed  to  describe 
the  required  performance  of  this  system.  This  report  describes  the  system 
engineering  planning  leading  to  a Digital  Transmission  System  Specification 
and  provides  supplementary  detail  relating  the  System  Specification  require 
ments  to  individual  link  and  equipment  design  requirements. 
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The  design  of  the  DCS  Digital  Transmission  System  was  previously  addressed 
in  DCEC  TR  3-74,  "Digital  Transmission  System  Design,"  March,  1974.  TR  3-74 
docunented  key  design  decisions  regarding  characteristics  of  the  DCS  Digital 
Transmission  System.  The  current  report  supplements  TR  3-74  by  addressing 
in  greater  detail  the  quantitative  performance  requirements  of  the  system. 

The  following  is  a summary  of  the  key  system  design  characteristics  which 
are  defined  by  TR  3-74: 

• 64  kb/s  PCM 

The  digital  transmission  system  will  use  64  kb/s  PCM  as  its  basic 
clear  voice  A/D  technique  implemented  in  the  standard  T1  channel  grouping. 

0 2 b/s/Hz  Modulation 


Line  of  Sight  (LOS)  link  cross-sections  of  up  to  384  channels  will 
be  provided  using  existing  frequency  al locations--this  implies  an  RF  band- 
width occupancy  near  2 t/s/Hz. 


Data  Interleavinc 


Provisions  will  be  made  for  the  selective  replacement  of  individual 
analog  voice  channels  or  combinations  of  voice  channels  with  digital  data 
streams  to  provide  data  transmission  service  and  to  provide  a means  of 
accomnodating  digitally  submultiplexed  secure  voice  channels. 

The  Digital  Transmission  System  requirements  contained  in  the  System 
Specification  must  be  based  on  the  satisfaction  of  DCS  end-to-end  performance 
objectives.  Current  end-to-end  circuit  quality  objectives  are  specified  in 
the  MIL-STD-188  series  of  standards.  Related  availability  objectives  are 
specified  in  DCAC  310-130-2.  The  initial  approach  to  setting  Digital  Trans- 
mission System  objectives  was  thus  based  on  applying  the  requirements  of 
these  documents.  These  requirements  were  found  to  be  suitable  for  specifying 
the  availability  and  PCM  channel  transfer  characteristics  of  the  new  system. 
In  the  area  of  voice  circuit  noise  performance,  however,  it  was  found  that 
the  current  standards  inadequately  address  the  "bursty"  nature  of  noise 
disturbances  expected  in  PCM  channels  (see  Section  IV,  2,  a,  for  an  elabora- 
tion of  this  issue).  For  this  reason,  a new  measure  of  channel  noise  per- 
formance, suitable  for  use  in  a digital  transmission  plant,  is  developed 


herein.  This  measure  is  the  probability  of  occurrence  of  a fade  outage 
during  a basic  five  minute  call.  The  details  of  the  derivation  of  this 
measure  are  discussed  in  Section  IV, 2, a.  It  is  envisioned  that  this 
measure  will  become  the  standard  circuit  quality  requirement  for  digital 
transmission  of  voice  and  will  ultimately  be  added  to  MI L-STD- 188-100. 

The  allocation  of  end-to-end  requirements  discussed  above  to  individ- 
ual links  and  equipment  demands  an  allocation  model.  This  model  should 
describe  the  composition  of  the  end-to-end  circuit  in  terms  of  its  con- 
stituent elements.  Such  a model  is  currently  contained  in  MIL-STD-188- 
100  which  describes  a 12,000  mile  09.308  km)  reference  circuit.  This 
reference  circuit  is  a series  contination  of  various  numbers  of  voice 
bandwidth  links  (a  voice  bandwidth  link  being  defined  as  the  span  between 
successive  VF  breakouts  on  the  circuit  in  question).  This  reference  model 
was  initially  considered  for  use  herein  but  it  was  found  that  it  inadequately 
describes  the  expected  post-1980  DCS  for  several  reasons.  The  most  important 
reason  is  the  emergence  of  satellite  channels  as  the  dominant,  transoceanic 
transmission  medium  for  the  DCS.  Satellite  transmission  contributes  to  the 
overall  performance  of  DCS  circuits  in  a way  that  is  independent  of  distance. 
Both  the  availability  and  the  channel  quality  of  circuits  which  are,  in 
part,  derived  from  a satellite  relay  are  not  well  described  by  a model  such 
as  the  current  MlL-STD-188  model  which  uses  distance  as  its  major  alloca- 
tion parameter. 


A second  important  reason  for  modifying  the  MIL-STD-188  model  is  the 
difference  in  the  way  noise  accumulates  on  PCM  channels  as  compared  to  FDM 
channels.  In  FDM  channels,  the  major  sources  of  noise  are  media  noise  and 
intermodulation  noise  which  accumulate,  more  or  less,  on  a mileage  basis. 
In  PCM,  the  major  source  of  channel  noise,  except  in  the  noise  bursts  dis- 
cussed earlier,  is  PCM  A/D  conversion  noise  which  occurs  only  when  the 
basic  PCM  channel  bank  is  traversed.  The  proposed  new  reference  channel 
attempts  to  realistically  reflect  the  expected  distrihution  of  PCM  A/D 
conversions. 


A third  reason  for  modifying  the  reference  circuit  model  is  to  expli- 
citly reflect  a relative  mix  of  1 ine-of-sight  and  tropospheric  scatter 
transmission.  This  mix  is  of  interest  because  the  PCM  burst  noise  of  these 
two  transmission  media  is  noticeably  different. 

The  proposed  new  reference  circuit  is  discussed  in  Section  II,  1.  It 
is  clear  that  any  set  of  assumptions  for  the  composition  of  a standard  refer- 
ence circuit  are  a compromise  since  the  standard  reference  circuit  attempts, 
in  a single  model,  to  be  suitably  representative  of  the  variety  of  actual 
circuits  in  the  current  and  future  DCS.  The  primary  use  of  the  standard 
reference  circuit  is  as  a basis  for  an  allocation  model.  This  allocation 
determines  the  requirements  for  individual  link  and  equipment  parameters 
in  order  to  meet  DCS  end-to-end  goals.  Clearly,  when  the  system  is  built 
using  these  allocated  values,  if  the  reference  circuit  were  too  pessimistic, 
the  actual  system  will  be  overdesigned  and  will,  on  the  average,  provide 
performance  better  than  the  original  goals,  presumably  at  greater  than 
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necessary  cost.  Conversely,  if  the  model  is  too  optimistic,  underdesign 
will  result  and  the  actual  system  will  provide  substandard  performance. 
Effort  is  currently  underway  at  DCEC  to  construct  a computer  model  of 
DCS  connectivity  in  a way  that  will  allow  an  evaluation  of  the  actual 
distribution  of  system  performance.  This  model,  when  available,  will 
supplement  the  standard  reference  circuit  concept  as  an  allocation  tool. 
In  such  a computer  model,  the  standard  reference  circuit  should  be  sig- 
nificantly more  pessimistic  than  the  average  circuit  but  less  pessimistic 
than  the  worst  case  circuit.  The  currently  proposed  reference  reflects 
engineering  judgment  as  to  the  composition  of  a "moderately  worst  case" 
connectivity. 


II.  RELATIONSHIP  OF  THE  DIGITAL  TRANSMISSION  SYSTEM  TO  OVERALL 

TRANSMISSION  REQUIREMENTS 


1.  GLOBAL  REFERENCE  CIRCUIT 

The  Digital  Transmission  System  is  being  implemented  in  a series  of 
separate  but  related  projects  which  will  eventually  replace  most  of  the 
existing  analog  DCS.  The  selection  of  locations  for  the  individual  proj- 
ects is  determined  by  geopolitical  considerations,  and  by  other  factors. 

The  rate  at  which  these  projects  are  implemented,  and  hence  the  rate  of 
digital  conversion  of  the  DCS,  is  governed  by  annual  funding  limitations. 
Thus,  the  terrestrial  digital  transmission  plant  must  be  designed  to 
interoperate  with  a variable  mix  of  analog  and  digital  facilities  at 
various  stages  of  the  conversion.  In  parallel  with  the  conversion  of 
the  terrestrial  plant  to  digital  operations,  the  Defense  Satellite  Com- 
munications System  (DSCS)  is  being  converted  to  digital  operation  with 
parameters  similar  to  those  of  the  terrestrial  plant. 

Quantitative  requirements  for  the  Digital  Transmission  System  are 
based  on  an  allocation  of  the  end-to-end  requirements  of  a global  refer- 
ence circuit.  The  global  reference  circuit  proposed  herein  consists  of 
four  segments:  a leased,  conmon  carrier  segment  of  2400  mile  (3862  km) 

length  spanning  CONUS;  two  satellite  segments  of  one  hop  each;  and  an 
overseas  terrestrial  segment  of  government- owned  microwave  and  troposcatter 
facilities  2400  miles  (3862  km)  in  length.  This  global  reference  circuit 
is  defined  by  its  configuration  rather  than  by  a specified  length  because 
the  performance  of  the  satellite  hops  is  independent  of  their  length.  It 
is  roughly  equivalent  to  the  current  12,000  mile  (19,308  km)  reference 
circuit  in  that  it  reflects  a relatively  worst-case  global  connectivity. 

The  2400  mile  (3862  km)  CONUS  segment  is  of  sufficient  length  to  span  the 
continent  from  coast  to  coast  and  the  2400  mile  (3862  km)  overseas  ter- 
restrial segment  reflects  a nearly  worst-case  length  since  such  a span 
would  extend,  for  example,  from  Scotland  to  Turkey  in  Europe  or  from  the 
Phillipines  to  Japan  in  the  Far  East. 

In  addition  to  circuit  length,  the  reference  circuit  must  define  the 
relative  mix  of  facilities  to  be  used  in  the  terrestrial  segments  (i.e., 
line-of-sight,  troposcatter,  cable)  and  the  multiplexing  composition  of 
the  circuit  (i.e.,  relative  percentage  of  stations  that  are  baseband 
repeaters,  or  provide  through-group  connection  or  VF  channel  breakout 
for  this  particular  circuit).  Based  on  studies  of  representative  regions 
of  the  existing  overseas  DCS,  70%  of  the  overseas  terrestrial  route 
mileage  was  allocated  to  line-of-sight  transmission  and  30%  was  alloca- 
ted to  tropospheric  scatter.  (This  mix  can  vary  considerably  depending 
upon  locale,  but  the  variation  would  not  be  greater  than  to  approximately 
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double  or  half  the  total  number  of  troposcatter  route  miles  in  the  cir- 
cuit with  a corresponding  + 50%  variation  in  line-of-sight  route  mileage. 

It  will  be  shown  later  that  this  degree  of  variation  has  relatively  modest 
impact  on  detailed  link  and  equipment  requirements  allocations.) 

The  multiplex  composition  of  the  reference  circuit  is  based  on  studies 
of  the  current  DCS.  VF  interconnection  is  used  at  both  ends  of  each  satel- 
lite hop  in  accordance  with  the  current  DSCS  configuration.  Studies  of 
the  composition  of  the  current  DCS  overseas  plant  indicate  that  the  majority 
of  circuits  are  composed  of  4 or  less  tandem  channels  (i.e.,  three  or  less 
VF  interconnects).  Since  the  2400-mile  (3862  km)  terrestrial  segment  is 
considerably  longer  than  the  average  circuit,  it  is  composed  of  four  tandem 
VF  channels,  each  of  600-mile  (965  km)  length.  Throughout  the  DCS,  a 
typical  distance  between  FDM  group  multiplexers  is  three  RF  links.  It  is 
assumed  that  this  spacing  will  also  be  typical  for  the  spacing  of  Level  2 
Time  Division  Multiplexers.  (This  spacing  is  lower  in  dense  areas  such  as 
central  Germany  where  multiplex  breakout  occurs  at  nearly  every  site  and 
it  is  higher  in  interregional  connecting  routes  where  moderately  long 
strings  of  repeaters  are  encountered.)  Thus,  the  overseas  terrestrial 
reference  segment  contains  a through-group  connection  every  three  RF  links 
with  the  intervening  stations  being  baseband  repeaters. 

A troposcatter  link  length  of  180  statute  miles  (290  km)  and  a line- 
of-sight  length  of  30  statute  miles  (48  km)  were  chosen  as  a representa- 
tive. Thus,  for  a 600-mile  channel,  a ratio  of  14  line-of-sight  links 
to  one  troposcatter  link  in  tandem  results  in  the  appropriate  relative 
mix  of  line-of-sight  and  troposcatter  links. 

A 600-mile  (965  km)  channel  (one  of  the  four  channels  comprising  the 
reference  segment)  is  defined  as  a DCS  reference  channel.  The  DCS  refer- 
ence channel,  which  is  shown  in  Figure  1,  illustrates  the  two  parameters 
above,  i.e.,  the  14  to  1 ratio  of  line-of-sight  links  to  troposcatter 
links,  and  the  through-group  connection  every  three  RF  links  with  the 
intervening  stations  being  unattended  baseband  repeaters. 

2.  UNAVAILABILITY  ALLOCATION 

Unavailability  is  a basic  measurement  of  the  performance  of  a communi- 
cations channel.  System  unavailability  requirements  are  established  herein 
and  these  requirements  are  allocated  among  various  segments  of  the  reference 
circuit.  Unavailability,  as  discussed  herein,  is  defined  as  any  loss  of 
continuity  or  excessive  channel  degradation  which  occurs  for  a period 
in  excess  of  one  minute.  Disturbances  with  durations  shorter  than  one 
minute  are  covered  by  a channel  quality  measure  discussed  in  Section  II,  3. 
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An  allocation  of  unavailability  among  the  various  segments  of  the 
reference  circuit  has  been  developed  based  on  the  following  assumptions: 

• The  major  determinant  of  unavailability  will  be  equipment 
failures,  hence  allocations  should  reflect  the  relative 
quantity  and  complexity  of  equipment  in  each  segment. 

• Common  carrier  (leased)  and  DCS  terrestrial  transmission 
facilities  should  have  approximately  equal  allocations 
because  of  similar  distances  (hence  approximately  equal 
total  quantity  of  equipment  traversed  and  similar  hardware 
complexity).  (This  is  probably  a good  assumption  when 
comparing  CONUS  leased  with  DCS  owned  facilities  but  is  not 
necessarily  true  for  overseas  leases.  U.S.  decisions  to  lease 
versus  providing  U.S.  owned  facilities  overseas  are  affected 
by  many  factors  only  one  of  which  is  the  expected  availability 
of  the  channel.  The  impact  of  the  assumption  of  equivalence 
between  the  availability  of  government  owned  and  overseas 
leased  facilities,  as  used  herein,  is  to  decide  not  to 
overdesign  the  U.S.  owned  portions  of  the  system  to  attempt 

to  compensate  for  severely  substandard  leased  facilities.) 

• The  satellite  segment  has  far  fewer  equipments  than  the 
terrestrial  segment  (2  earth  terminals  and  1 space  repeater 
versus  60  terrestrial  terminals)  and  should  thus  have  a lower 
overall  allocation.  The  relative  unavailability  allocations 
between  satellite  and  terrestrial  segments  should  not  be 
directly  proportional  to  terminal  count,  however,  due  to  the 
greater  complexity  of  the  satellite  earth  terminals,  and  to  the 
long  outage  time  allocation  (and  hence  large  impact  ./i.  avail- 
ability) that  must  be  planned  for  space  repeater  outages,  even 
with  an  adequate  replenishment  program.  A relative  unavail- 
ability allocation  ratio  of  4 to  1 between  the  terrestrial 
segment  and  the  satellite  segment  has  been  chosen  as  a 
compromise  between  these  factors. 

Based  on  these  assumptions,  and  an  end-to-end  availability  requirement  of 
99%  (an  allowable  unavailability  of  not  more  than  1%),  the  following 
unavailability  allocation  to  the  various  circuit  segments  has  been  made: 


CONUS  common  carrier  segments  4 • 10" 3 
Satellite  transoceanic  segment  #1  10-3 
Satellite  transoceanic  segment  #2  10-3 
Overseas  terrestrial  segment  4 • 10-3 

TOTAL : iF? 


(This  allocation  is  based  on  dedicated  circuit  requirements.  For  switched 
circuits,  assuming  dual  routing  between  switches,  transmission  unavailability 
becomes  much  less  important  than  switch  blocking  probability.  A significant 
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outage  in  the  transmission  plant  significantly  affects  blocking  probability 
for  low  priority  calls,  with  lesser  effect  as  priority  increases.  A treat- 
ment of  the  interrelationship  of  transmission  unavailability  to  switched 
service  unavailability  is  beyond  the  scope  of  this  report  and  can  be 
avoided  herein  since  the  dedicated  circuit  is  expected  to  exert  the  most 
stringent  requirement  on  transmission  plant  availability.) 

Section  IV,  3,  c,  of  this  report  discusses  how  the  basic  unavailability 
allocation  to  the  overseas  terrestrial  segment  (4’ 10-3)  is  further  allocated 
to  its  constituent  elements. 

3.  CIRCUIT  QUALITY 

The  transmission  quality  of  digitally  derived  voice  circuits  is  pri- 
marily determined  by  the  characteristics  of  the  voice  A/D  process,  the 
number  of  tandem  A/D  conversions  traversed  by  the  circuit,  and  the  charac- 
teristics of  transmission  error  occurrences.  Regarding  the  first  determi- 
nant of  circuit  quality,  the  A/D  process,  previous  studies  led  to  the  choice 
of  64  Kb/s  PCM  for  the  basic  voice  A/D  process,  in  consonance  with  commercial 
standards.  As  was  reported  in  the  previous  report,  TR  3-74,  the  transfer 
response  and  noise  quality  of  each  individual  channel  thus  derived  exceeds 
the  quality  of  the  analog  channel  being  replaced.  Thus,  in  the  absence  of 
transmission  errors,  digital  channels  will  provide  quality  greater  than 
existing  analog  channels  and  in  excess  of  MIL- STD-188-100  requirements.  (An 
exception  to  the  MIL-STD-188-100  requirements  is  in  the  area  of  envelope 
delay  distortion  in  which  conmercial  PCM  standards  are  somewhat  lower  than 
the  MIL-STD-188-100  requirements.  This  will  not  be  of  great  concern  in  the 
near  term  due  to  the  general  use  of  modems  with  automatic  equalization  and 
for  the  fully  digital  system  due  to  direct  data  transmission  without  the 
need  for  modems.)  Since  the  envisioned  digital  multiplex  equipment  provides 
superior  channel  quality,  no  detailed  allocation  of  circuit  characteristics 
associated  with  the  voice  A/D  process  is  considered  necessary. 

Regarding  the  second  determinant  of  circuit  quality,  the  number  of  tandem 
A/D  conversions  in  a circuit,  the  MIL-STD-188-100  standard  reference  circuit 
envisions  up  to  12  tandem  channels.  Since,  as  previously  discussed,  each 
A/D  conversion  results  in  channel  quality  exceeding  the  MIL-STD-188-100 
requirements,  tandem  voice  A/D  conversions  in  excess  of  12  are  tolerable 
within  the  intent  of  the  12,000  mile  (19,308  km)  reference  circuits  of  MIL- 
STD-188-100.  In  fact,  the  composition  of  the  global  reference  circuit  des- 
cribed herein  contains  only  five  tandem  A/D  conversions  for  the  entire 
transoceanic  and  terrestrial  overseas  segments.  Thus  tandeming  of  A/D 
conversions  is  not  expected  to  be  a problem. 

Regarding  the  third  determinant  of  circuit  quality,  the  effects  of 
transmission  errors  on  digital  data  and  PCM  encoded  voice,  two  new  quality 
t parameters  have  been  developed  which  are  an  improved  description  of  the 

; effect  of  errors  on  circuit  quality.  A frequently  used  previous  measure 

of  the  effect  of  errors  was  average  bit  error  rate.  This  measure  is 
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appropriate  if  transmission  errors  are  spread  more  or  less  uniformly 
throughout  the  received  bit  stream  and  if  their  interarrival  interval 
is  short  enough  so  that  more  than  one  error  can  affect  an  average  mes- 
sage. Such  is  frequently  the  case  in  data  transmission  via  voice  fre- 
quency modems  or  via  digital  satellite  channels.  The  line-of-sight  and 
troposcatter  links  which  make  up  the  terrestrial  DCS  do  not  behave  in 
this  way.  For  these  links,  errors  are  mainly  caused  by  fades  and  thus 
occur  in  bursts.  These  bursts  are  very  poorly  described  by  average  bit 
error  rate.  It  is  expected  that  the  average  bit  error  rate  on  a typical 
600-mile  terrestrial  channel  will  be  on  the  order  of  10"°  or  an  average 
time  between  individual  bit  errors  on  a typical  64  Kb/s  channel  of  about 
1/2  hour.  This  is  clearly  a meaningless  measure  since  the  errors  will 
actually  occur  in  bursts,  with  the  bursts  separated  by  considerably  more 
than  1/2  hour. 

A more  usable  measure  than  average  bit  error  rate  is  the  probability 
that  the  bit  error  rate  is  above  some  threshold  value.  Such  a measure 
is  much  more  usable  on  a burst  channel  than  average  bit  error  rate  since 
it  describes  the  channel  in  terms  of  the  percentage  of  usable  vs.  non- 
usable  time,  i.e.,  the  cumulative  percentage  of  time  spent  in  error 
bursts.  Unfortunately,  this  measure  is  still  deficient  in  that  it  tells 
nothing  about  the  temporal  distributir.i  of  bursts.  One  cannot  determine 
from  such  a cumulative  measure  whether  each  telephone  call  will  be  dis- 
turbed by  a short  error  burst  or  whether  only  an  occasional  call  will  be 
disturbed  by  a much  longer  burst. 

Two  new  measures  of  channel  quality  have  been  developed  which  supple- 
ment cumulative  measures  by  describing  the  expected  duration  and  expected 
interval  between  error  bursts.  One  of  these  measures  describes  voice 
circuit  quality  in  terms  of  the  probability  that  any  voice  call  will  be 
disturbed  by  an  error  burst  and  by  the  expected  duration  of  the  burst. 

The  other  measure  describes  data  circuit  performance  in  terms  of  the 
probability  of  error-free  transmission  of  data  blocks.  The  details  of 
the  development  of  these  measures  are  contained  in  Section  IV, 2, a,  and 
IV, 2, b.  Section  IV, 3, a,  a^'ocates  these  requirements  to  the  constituent 
elements  of  the  DCS.  Section  IV, 3, d,  through  IV, 3, i,  discuss  the  rela- 
tionship between  these  channel  r-jality  requirements  and  individual  RF 
link  parameters,  such  as  fade  margin. 
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III.  SYSTEM  TRANSITION  CONSIDERATIONS 


Upon  initial  implementation  of  digital  transmission  segments,  the 
DCS  will  primarily  consist  of  analog  VF  channels.  Data  transmission 
through  the  system  at  rates  below  9.6  kb/s  will  be  accomplished  using 
modems  via  analog  VF  channels.  A 50  kb/s  direct  digital  transmission 
capability  will  also  exist  for  secure  voice  requirements.  During  the 
early  1980's,  the  AN/TTC-39  switch  is  scheduled  for  DCS  deployment  and 
the  16  kb/s  AUTOSEVOCOM  II  System  is  scheduled  for  implementation.  At 
that  time,  a basic  additional  requirement  will  be  imposed  on  the  digital 
transmission  system;  that  of  network  synchronization.  This  requirement 
will  be  imposed  because  an  AUTOSEVOCOM  II  connection  requires  simultaneous 
bit-rate  synchronization  of  both  subscribers,  of  their  serving  digital 
switches,  and  of  all  digital  multiplexers  traversed. 

This  synchronous  requirement  imposes  a need  for  station  master 
clocks  in  all  digital  transmission  nodes  and  the  ability  for  these 
clocks  to  control  the  bit-rate  timing  of  all  switches  and  multiplexers 
in  the  node.  It  must  be  possible  to  closely  synchronize  all  station 
clocks  within  the  network,  and  sufficient  buffering  must  be  provided 
on  each  link  to  accommodate  short-term  variations  between  the  incoming 
bit-rate  and  the  station  clock  rate.  Several  techniques  are  currently 
under  investigation  to  accomplish  the  synchronization  function.  Each 
of  these  techniques  will  provide  adequate  network  synchronization  but 
they  differ  as  to  their  survivability,  maintainability,  and  other 
operational  characteristics.  A selection  of  the  specific  synchronization 
technique  to  be  used  in  the  DCS  is  expected  during  CY  1977.  In  the 
meantime,  digital  transmission  equipments  should  contain  provisions  to 
interface  with  a station  clock  system  at  their  characteristic  bit-rate. 
Suitable  equipment  to  perform  the  station  clock  synchronization  function 
and  the  required  link  buffering  will  be  defined  when  the  synchronization 
technique  is  selected. 

After  system  conversion  to  a synchronous  mode  of  network  timing, 
it  is  intended  to  eliminate  all  unnecessary  pulse  stuffing  multiplexer 
operations.  This  pulse  stuffing  in  the  Level  2 TDM  multiplexer  is 
necessary  until  synchronous  mode  conversion  occurs  to  allow  through- 
group  connection  of  unsynchronized  groups.  Transmission  errors  in 
pulse-stuffing  control  words  are  a potential  source  of  loss  of  bit- 
count  integrity  (BCI)  which  need  not  be  tolerated  in  a synchronous 
network.  To  this  end.  Level  2 TDM  multiplexers  should  be  capable  of 
both  synchronous  and  asynchronous  operation. 
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Another  transition  consideration  relates  to  the  digital  transmission 
equipments  installed  in  Europe  during  the  earliest  stages  of  digitization 
(FKV  and  DEB  Stage  1).  These  installations  do  not  fully  meet  all  require- 
ments of  the  System  Specification.  In  some  cases,  permanent  deviations 
from  the  System  Specification  may  be  acceptable  for  these  few  equipments. 

In  other  cases,  such  as  the  case  of  synchronous  mode  operation,  an  improve- 
ment in  these  initial  equipments  will  be  required.  The  specific  plan  for 
any  necessary  modification  to  the  initial  FKV  and  DEB  Stage  1 installa- 
tions will  be  the  subject  of  a separate  report. 

As  digital  transmission  capability  becomes  more  widespread,  digital 
submultiplexing  will  become  a practical  means  of  transmitting  digital 
data  through  the  system.  The  major  factor  which  affects  the  advisability 
of  converting  existing  medium  speed  data  (up  to  9.6  kb/s)  and  VFCT  traffic 
to  digital  submultiplexing  is  the  percentage  of  the  network  that  has  been 
converted  to  digital  transmission  and  hence  the  percentage  of  data  channels 
which  can  be  transmitted  from  end-to-end  in  digital  form  without  the  need 
for  intermediate  conversion  back  to  analog  to  transit  not  yet  converted 
analog  regions.  The  usefulness  of  digital  submultiplexing  will  be  regularly 
reviewed  throughout  the  digital  portion  of  the  network  and  submultiplexers 
will  be  applied  where  appropriate  cross-sections  of  data  channels  exist 
which  can  be  served  on  an  end-to-end  digital  basis.  It  is  planned  to 
introduce  submultiplexed  data  streams  into  the  system  by  the  selective 
replacement  of  one  or  more  individual  voice  channels  in  the  Level -1  PCM 
multiplexer  with  digital  data  streams  at  64  kb/s,  or  multiples  thereof. 

This  mode  of  operation  is  known  as  data  interleaving  since  the  data  bits 
are  interleaved  with  PCM  bits  in  the  combined  output  bit  stream  of  the 
multiplexer.  The  planned  data  interleaving  options  are  listed  in  Table  1. 


TABLE  1.  DATA  INTERLEAVING  OPTIONS 


Bit  Rate 


VF  Channels 
Replaced 


Data  Source 


56/64 


Level  A TDM  Submultiplexers 

Level  A TDM  Submultiplexers 

Level  A TDM  Submultiplexers  or  non- 
DCS  evSD  Multiplexers 

Level  A TDM  Submultiplexers  or  non- 
DCS  eVSD  Multiplexers 

KY-3  or  Related  Secure  Voice  Equipments 


Miscellaneous 
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The  56  kb/s  data  interleaving  rate  listed  above  is  intended  to  allow 
tandem  connection  of  appropriate  submultiplexer  and  data  interleaving 
channels  with  the  common  carrier  digital  service  offering  at  56  kb/s. 

As  the  digital  data  load  of  the  DCS  increases,  progressively 
more  channel  replacement  for  data  interleaving  will  occur  up  to  a 
maximum  of  about  half  of  the  channels  in  any  Level  1 PCM  multiplexer. 
If  the  data  load  Increases  beyond  this  point,  it  is  planned  to  use 
the  Transitional  Multiplexer  described  in  TR  3-74,  or  combinations  of 
Digital  Group  Multiplex  equipment  under  development  by  TRI-TAC,  to 
accommodate  these  cross-sections. 
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IV.  QUANTITATIVE  SPECIFICATION  REQUIREMENTS 


1 . GENERAL 

The  System  Specification  contains  quantitative  performance  require- 
ments for  various  elements  of  the  Terrestrial  Digital  Transmission  System. 
These  requirements,  specified  at  the  system  level,  result  in  imposing 
detailed  requirements  on  specific  equipment  and  on  the  design  of  RF  links. 

It  is  a major  function  of  this  report  to  discuss  the  rationale  for  selec- 
tion of  the  quantitative  values  containeo  in  the  System  Specification  and 
to  show  how  these  values  relate  to,  and  should  be  used  for,  the  selection 
of  detailed  equipment  and  link  design  requirements. 

The  performance  of  the  system  is  prescribed  in  the  System  Specification 
by  two  basic  requirements.  The  first  prescribes  the  quality  of  channels 
to  be  provided  by  the  system,  assuming  that  the  channels  are  available. 

The  second  requirement  prescribes  the  availability  of  the  channels.  Appro- 
priate requirements  of  both  types,  quality  and  availability,  are  applied 
at  each  major  level  of  the  system,  i.e. , individual  RF  link,  di group,  and 
channel . 

The  basic  quality  measure  for  a digital  transmission  system  is  its 
error  performance.  Several  different  measures  of  error  performance  are 
applied,  each  of  which  is  meaningful  to  a particular  type  of  user.  The 
following  section  describes  considerations  relating  to  the  selection  of 
appropriate  channel  quality  measures.  Following  that  is  a discussion  of 
each  specific  quantitative  requirement. 

2.  RATIONALE  FOR  ERROR  PARAMETER  SELECTION 

a.  Error  Performance  Measures.  The  primary  measure  of  transmission 
quality  for  a digital  system  is  its  error  performance.  This  is  particularly 
true  for  a system  which  regenerates  the  digital  signal  at  each  repeater  since 
errors,  rather  than  distortion,  will  accumulate  through  tandem  sections  of 
the  system.  Therefore,  an  ap^top'iate  structure  for  specifying  system  error 
performance  is  first  defined,  then  the  requirement  for  other,  related 
parameters  is  discussed. 

Transmission  errors  will  occur  in  the  digital  transmission  system  in 
two  distinctly  different  modes.  One  mode  is  a relatively  constant,  long- 
term error  rate  which  will  occur  due  to  equipment  degradation  (as  opposed 
to  failure),  due  to  interference  and  due  to  long-term  power  fading  on 
satellite  hops.  An  error  rate  of  10-6  is  specified  as  the  acceptable 
threshold  for  steady-state  error  rate  conditions.  This  error  rate  is  at 
least  one  order  of  magnitude  more  stringent  than  the  level  at  which  signifi- 
cant user  disturbance  occurs.  A circuit  is  consi  'o'^ed  unavailable  when 
its  steady-state  error  rate  is  greater  than  10-6. 


13 


i 


The  other  system  error  mode  results  from  multipath  propagation 
disturbances  on  line-of-sight  and  troposcatter  links.  For  these 
disturbances,  a dynamic  measure  of  error  performance  is  needed.  Multi- 
path  fading  occurs  with  such  rapid  variation  that  the  error  performance 
changes  too  quickly  to  be  characterized  by  a "rate".  In  addition,  isolated 
single  bit  errors  are  of  little  importance  since,  in  the  transmission  of 
digitized  voice  via  PCM,  the  occurrence  of  a single,  isolated  bit  error 
will  be  hardly  noticed  by  the  user.  Similarly,  for  most  modern  data 
transmission  systems  which  use  either  ARQ  or  forward  error  correction  for 
error  control,  a single  bit  error  is  of  little  consequence.  It  is  the 
temporal  relationship  between  errors,  i.e.,  whether  they  are  grouped 
together  in  time  so  that  they  reinforce  each  other's  disturbing  effect, 
that  is  the  important  measure  of  a communications  channel. 

For  both  line-of-sight  channels  and  troposcatter  channels  as  they 
are  expected  to  be  implemented  in  the  DCS  (dual  diversity  line-of-sight 
links  with  30-40  dB  fade  margin,  and  quad  diversity  troposcatter  links 
engineered  for  95%  service  probability),  the  error  performance  of  the 
channel  will  be  characterized  by  relatively  long  periods  with  no  errors 
interspersed  with  considerably  shorter  periods  of  deep  fade  in  which  a 
number  of  errors  are  grouped  closely  enough  together  to  cor.stitute  an 
essentially  continuous  interruption  to  the  usability  of  the  channel. 

The  transition  of  the  channel  from  the  error-free  state  to  the  severely 
disturbed  state  is  quite  rapid.  User  perception  of  64  kb/s  PCM  channel 
quality  changes  dramatically  with  a two  ordcr-of-magnitude  change  in 
error  rate  from  around  3-10"6  (one  error  every  5 seconds)  to  3-10-4 
(20  errors  per  second).  In  this  vicinity  of  error  rate,  a two  order-of- 
magnitude  change  results  from  about  a 2 dB  change  in  received  signal 
level.  During  deep  multipath  fades,  the  received  signal  level  may  be 
expected  to  change  by  tens  of  dB  per  second.  Thus,  if  the  channel,  as 
perceived  by  the  user,  transitions  from  good  to  bad  in  a 2 dB  range  of 
signal  level,  this  transition  will  occur  in  several  hundred  milliseconds. 
The  mean  fade  duration  on  line-of-sight  links  will  be  on  the  order  of 
five  seconds.  Since  the  transition  period  from  a good  channel  to  a 
severely  disturbed  one  is  so  short  relative  to  the  fade  duration,  such 
fades  can  be  described  by  only  their  duration,  assuming  essentially 
complete  unacceptability  from  the  onset  of  the  fade  to  its  end.  It 
remains  necessary  only  to  choose  an  appropriate  threshold  at  which  to 
measure  the  beginning  and  ending  of  a fade  outage  to  complete  the  outage 
characterization. 

If  a 64  kb/s  PCM  channel  is  observed  during  a multipath  fade,  the  fade 
will  have  reached  considerable  depth  before  the  first  error  is  observed 
on  the  channel.  In  a system  with  a 30-35  dB  fade  margin,  the  signal  will 
have  faded  more  than  30  dB  before  this  error  occurs.  Due  to  the  rapid 
onset  of  errors  in  a fading  channel,  the  received  signal  level  at  which 
the  first  error  is  expected  to  occur  is  a reasonable  threshold  for  deter- 
mining the  duration  of  the  fade.  This  signal  level  will  not  be  the  same 
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for  each  fade,  since  error  occurrences  are  a probabilistic  phenomenon, 
but  a signal  level  can  be  defined  which  represents  the  mean  value 
of  the  signal  level  at  which  the  onset  of  errors  is  expected.  The 
signal  level  of  this  mean  value  is  a function  of  fade  rate.  The  more 
rapidly  the  signal  level  fades,  the  lower  will  be  the  point  at  which 
the  onset  of  errors  occur.  For  a typical  fade  rate  of  10  dB/second, 
the  mean  signal  level  of  error  onset  is  approximately  the  level  corres- 
ponding to  a 10~4  bit  error  probability.  This  is  an  appropriate  threshold 
signal  level  for  the  range  of  fade  rates  expected  to  occur  on  line-of- 
sight  links.  For  troposcatter,  a slightly  lower  bit  error  probability 
would  be  appropriate  but  the  value  of  10-4  is  selected  as  a conservative 
value  to  be  used  for  both  line-of-sight  and  troposcatter  channels. 

Having  defined  a threshold  above  which  the  channel  is  considered  to 
be  unperturbed,  and  below  which  the  channel  is  considered  to  be  unacceptable, 
a fade  outage  is  defined  as  the  event  that  begins  when  the  highest  signal 
level  on  any  diversity  branch  of  a link  falls  below  the  specified  threshold, 
and  ends  when  the  highest  signal  level  on  any  diversity  branch  has  again 
risen  through  the  threshold  value. 

The  characteristics  of  fade  outages  have  been  examined  for  typical 
line-of-sight  and  troposcatter  channels.  It  has  been  found  that  the  line- 
of-sight  channel  is  characterized  by  very  infrequent  fades  of  approximately 
4 seconds  mean  duration,  whereas  the  troposcatter  channel  is  characterized 
by  more  frequent  fades  with  mean  duration  in  the  50-500  millisecond  range 
(the  actual  troposcatter  mean  duration  depends  on  the  path  and  the  operating 
frequency).  A channel  which  traverses  both  line-of-sight  and  troposcatter 
RF  links  will  therefore  experience  two  distinctly  different  types  of  fade 
outage  duration  with  markedly  different  interference  potential. 

A user  will  be  affected  differently  by  different  types  of  outages. 

Three  broad  categories  of  voice  user  reaction  to  fade  outages  are  postulated. 
(Data  user  reaction  is  more  usefully  described  by  the  affect  of  the  outages 
on  error- free  throughput  which  is  a direct  function  of  the  percentage  of  error- 
free  data  blocks).  The  first  broad  category  occurs  when  a voice  user  is 
subjected  to  an  isolated  fade  outage  of  very  short  duration,  e.g.,  less  than 
20C  milliseconds.  His  reaction  will  be  to  barely  notice  the  disturbance. 

This  will  be  true  even  for  repeated  but  suitably  infrequent  outages  of  such 
short  duration.  The  second  broad  category  occurs  over  some  range  of  longer 
fade  duration,  e.g.,  1/5  second  to  5 seconds.  The  user  will  experience 
significant  annoyance  but  will  continue  to  communicate  when  the  outage  is 
over.  Similarly,  for  some  recurrent  rate  of  short  duration  outages,  i.e. , 

2 to  4 outages  per  minute,  none  of  which  is  greater  than  200  milliseconds 
in  duration,  annoyance  rather  than  total  disruption  will  occur.  (Tin’s  type 
of  recurrent  disturbance  is  typical  of  a troposcatter  channel  during  long 
term  fading  and  thus  will  afflict  the  user  with  a relatively  long  period  of 
disturbed  performance  whereas  the  1/2  to  5 second  line-of-sight  fade  will 
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normally  be  an  isolated  event).  Finally,  the  third  broad  category  occurs 
when  the  outage  exceeds  some  duration  such  that  calls  are  abandoned  due 
to  lack  of  patience.  Outages  of  any  noticeable  duration  will  be  disturbing 
to  the  user  and  their  probability  of  occurrence  should  be  controlled.  Outages 
which  are  long  enough  to  cause  call  abandonment  are  a much  more  severe  dis- 
turbance than  outages  for  which  calls  are  not  abandoned.  Thus,  the  probability 
of  occurrence  of  these  longer  outages  should  be  substantially  less  than  the 
probability  of  occurrence  of  shorter  outages.  The  determination  of  an  appro- 
priate outage  duration  threshold  above  which  call  abandonment  is  expected  can 
best  be  determined  by  subjective  user  preference  testing.  In  the  absence  of 
such  tests,  a five-second  duration  has  been  chosen  as  a conservative  value. 

That  is,  it  is  assumed  that  calls  subjected  to  outages  shorter  than  five 
seconds  will  be  held  and  those  with  outages  longer  than  five  seconds  will  be 
abandoned. 

In  view  of  the  above  considerations,  five  ranges  of  outage  are  defined 
as  follows: 

• Range  I.  Outages  under  200  milliseconds  duration  which  are 
significantly  separated  in  time  from  any  other  outage.  Such 
outages  will  normally  occur  on  a troposcatter  link  operating 
with  adequate  margin.  The  allowable  probability  of  occurrence 
of  these  outages  need  not  be  specified  since  their  effect  on 
the  user  is  trivial . 

• Range  II.  Outages  with  durations  in  the  range  from  200  milli- 
seconds to  five  seconds  which  are  significantly  separated  in 
time  from  any  other  outage.  Such  outages  may  occur  on  either 
a 1 ine-of-sight  or  a troposcatter  link  operating  with  adequate 
margin  (or  less  than  adequate  margin  if  the  frequency  of  occur- 
rence is  high).  The  allowable  probability  of  occurrence  of  such 
an  outage  should  be  specified  with  a value  based  on  its  annoyance 
to  the  user. 

• Range  III.  Outages  with  durations  greater  than  5 seconds  but 
less  than  2 minutes.  Such  outages  will  normally  occur  on  a 

1 ine-of-sight  link.  The  allowable  probability  of  occurrences 
of  such  outages  should  be  specified  with  a requirement  more 
stringent  than  that  for  Range  II  since  such  an  outage  is  con- 
sidered to  be  a disruption  to  the  user  which  would  cause  call 
termination. 

• Range  IV.  A recurrent  set  of  outages  of  average  duration  under 
200  milliseconds  which  occursat  an  average  rate  of  from  2 to  5 
per  minute.  This  condition  will  normally  occur  on  a troposcatter 
channel  operating  with  barely  adequate  margin.  The  allowable 
probability  of  existence  of  such  a condition  should  be  specified 
with  a value  based  on  its  annoyance  to  the  user. 


• Range  V.  Outages  with  duration  greater  than  2 minutes  or 
recurrent  outages  of  any  duration  which  occur  more  frequently 
than  5 per  minute.  The  duration  of  any  such  outages  or  per- 
iod of  recurrent  outages  should  be  included  in  the  total 
unavailability  specification  since  the  channel  is  considered 
essentially  unusable.  The  outages  described  by  this  range 
will  normally  occur  on  a troposcatter  channel  with  long-term 
fading  in  excess  of  the  fade  margin,  or  on  a 1 ine-of-sight 
channel  experiencing  anomalous  index  of  refraction  conditions. 

In  summary,  it  is  proposed  that  the  basic  performance  parameter  of 
channels  in  the  digital  traismission  system  be  two  sets  of  specifications: 
one  for  channels  utilized  for  voice  that  describes  the  probability  of 
occurrence  of  temporally  grouped  errors  where  such  an  error  grouping  is 
called  a 'fade  outage';  and  one  for  channels  utilized  for  data  that 
describes  the  probability  of  error-free  transmission  of  blocks  of  data 
of  specified  length.  A fade  outage  is  defined  in  terms  of  an  RF  link  sig- 
nal strength  threshold  corresponding  to  a 10"^  bit-error  probability.  Five 
ranges  of  fade  outage  conditions  are  defined,  one  of  which  is  considered 
to  be  negligible  (Range  I),  one  of  which  is  of  sufficient  duration  to  be 
included  in  the  unavailability  specification  (Range  V)  and  three  (Ranges 
II,  III  and  IV)  which  are  proposed  to  be  controlled  by  separate  probability 
of  occurrence  specifications  which  consider  the  disturbing  effect  of  the 
specific  outage  ranges  addressed.  These  measures  of  channel  quality  have 
the  considerable  advantage  over  either  average  biL  error  rate  or  availa- 
bility in  that  they  actually  reflect  the  types  of  fading  phenomena  which 
occur.  Numerical  values  for  these  requirements  will  be  derived  in  Section 
IV, 3, a. 


b.  Error-Free  Data  Blocks.  Most  data  transmission  systems  separate 
the  data  to  be  transmitted  into  blocks  for  error  control  purposes.  A 
parameter  of  interest  to  the  data  user  is  the  percentage  of  such  blocks 
which  are  transmitted  with  no  errors.  In  a system  using  ARQ  error  control 
techniques,  all  blocks  which  are  not  error-free  must  be  retransmitted.  In 
a system  using  error  correction  coding,  a small  number  of  errors  can  be 
corrected,  but  blocks  with  a large  number  of  errors  must  be  retransmitted. 
The  performance  of  data  transmission  channels  is  described  by  the  proba- 
bility of  fade  outage  requirements  described  in  the  preceding  section, 
supplemented  by  an  error- free  block  requirement.  Between  them  they  des- 
cribe the  incidence  of  outages  where  a number  of  adjacent  blocks  are 
affected  by  errors  and  the  total  percentage  of  data  blocks  which  contain 
errors,  although  most  of  the  affected  blocks  will  lie  within  the  time 
boundaries  of  the  fades  described  by  the  probability  of  fade  outage  speci- 
fication. 

All  data  transmission  systems  do  not  use  the  same  block  length,  but 
a representative  block  length  must  be  chosen  for  specification  purposes. 

A 1000  bit  data  block  has  been  chosen.  A method  is  discussed  in  Section 
IV, 3, f for  extrapolating  from  the  specified  performance  for  a 1000  bit 
data  block  to  any  other  length. 
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Most  data  transmission  channels  can  be  characterized  by  describing 
the  probability  that  undetected  transmission  errors  will  occur  and  by  tht 
throughput  efficiency  of  the  channel.  Stringent  requirements  for  undetected 
error  probability  are  met  by  using  error  detecting  or  error  correcting 
coding  techniques.  Such  techniques  reduce  the  channel  efficiency  in  return 
for  error  protection.  For  channels  in  which  the  errors  occur  in  long  bursts, 
such  as  the  terrestrial  channels  discussed  herein,  error  correcting  codes 
have  not  been  an  attractive  error  control  technique.  Instead,  error  detec- 
tion coding  and  APQ  are  normally  used.  Thus,  the  specified  requirement  for 
error-free  data  blocks  is  based  on  meeting  the  efficiency  requirement  of  a 
channel  with  ARQ  error  control.  (Efficiency  is  equal  to  the  percentage  of 
transmitted  data  blocks  which  are  received  error-free.) 

The  normally  accepted  requirement  for  channel  efficiency  for  data 
services  such  as  AUTODIN  is  .99  (but  this  value  is  not  particularly  critical 
since  load  variations  or  equipment  failures,  rather  than  error-caused  trans- 
mission inefficiency,  dominate  both  data  system  sizing  and  transmission  delay) 
In  order  to  meet  this  requirement,  an  end-to-end  error-free  block  require- 
ment of  0.99  is  specified.  This  requirement  is  allocated  equally  among  the 
CONUS,  transoceanic  and  overseas  segments  of  the  global  reference  circuit. 
Thus,  the  requirement  of  each  segment  for  error-free  data  blocks  is  0.9975. 
The  overseas  terrestrial  requirement  is  further  allocated  to  component 
channels  on  a mileage  basis.  Thus,  the  requirement  for  a 600-mile  (965  km) 
reference  channel  is  0.99937,  the  requirement  for  a 1 ine-of-siqht  link  is 
0.99997,  and  the  requirement  for  a troposcatter  link  is  0.99978. 

3.  DERIVATION  OF  DETAILED  REOUIREMENTS 


a.  Probability  of  Fade  Outage.  A system  requirement  for  probability  of 
fade  outage  will  now  be  derived  based  on  the  DCS  global  reference  circuit 
described  in  Section  II.  The  requirement  value  will  be  selected  on  an  end- 
to-end  basis  and  then  allocated  to  individual  constituent  sections  of  the 
end-to-end  circuit  and  to  individual  RF  links. 

The  requirements  for  probability  of  fade  outage  in  Ranges  II  and  III  (as 
defined  in  IV,  2, a)  will  be  specified  on  a per-call -minute  basis  since  the 
probability  of  occurrence  during  a call  of  the  fades  described  by  these  ranges 
is  approximately  proportional  to  holding  time  (see  Appendix  B).  Thus  the  fade 
outage  probability  on  a typical  five-minute  call  is  approximately  five  times 
the  specified  probability  per-cal 1-minute.  The  requirement  for  probability 
of  fade  outage  in  Range  IV  will  be  specified  on  a cumulative  probability  basis 
since  this  range  or  outage  describes  a long-term  condition  rather  than  a 
single  discrete  event.  The  requirement  for  probability  of  outage  in  Range  V 
is  discussed  in  Section  IV,  3,c  under  availability. 

The  requirements  for  probability  of  occurrence  of  Range  II,  III,  and  IV 
outages  are  proposed  as  follows: 
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(a)  The  probability  of  occurrence  of  a fade  outage  whose  duration 
is  greater  than  200  milliseconds  but  less  than  5 seconds  shall 
not  exceed  0.02  per-cal 1 -minute. 

(b)  The  probability  of  occurrence  of  a fade  outage  whose  duration 
is  greater  than  5 seconds  but  less  than  1 minute  shall  not 
exceed  0.002  per-cal 1-minute. 

(c)  The  probability  that  a condition  exists  in  which  recurrent 
outages  of  less  than  200  milliseconds'  duration  occur  at  a 
rate  in  the  range  of  2 to  5 per  minute  shall  not  exceed  0.01. 

Since  it  has  been  assumed  that  outage  probability  on  a call  is  proportional 
to  call  holding  time,  the  combined  impact  of  these  requirements  is  that  not 
more  than  10%  of  all  five-minute  calls  on  the  global  reference  circuit  will 
be  disturbed  at  all,  and  not  more  than  1%  will  be  disturbed  for  longer  than 
5 seconds,  or  by  recurrent  short  fades.  Naturally,  the  performance  of  a cir- 
cuit shorter  than  the  global  reference  circuit  will  be  better. 

This  selection  of  performance  objectives  is  based  on  engineering  judg- 
ment. A more  rigorous  method  of  selecting  values  should  be  based  on  sub- 
jective testing  of  typical  users  to  determine  their  tolerance  to  fade  out- 
ages. Such  data  is  not  currently  available  but,  when  available,  could  be 
used  to  modify  the  requirements  values  used  herein  if  deemed  necessary. 

Other  agency  review  of  the  chosen  requirements  values  is  also  encouraged. 

Each  of  the  above  requirements  is  imposed  on  the  trans-CONUS  coninon 
carrier  and  overseas  terrestrial  segments  of  the  DCS  global  reference  circuit 
of  Section  II.  They  are  not  applicable  to  satellite  links,  which  do  not 
have  short  fade  outages  but  are  normally  either  essentially  unperturbed  or 
unavailable.  Thus,  the  satellite  links  are  not  allocated  a portion  of  the 
fade  outage  budget.  (Satellite  channel  quality  requirements  are  imposed  in 
the  form  of  an  overall  unavailability  specification  and  a maximum  acceptable 
bit  error  rate.)  Requirements  (a)  and  (b)  above  may  apply  to  either  line- 
of-sight  or  troposcatter  links.  Since  the  majority  of  the  CONUS  common 
carrier  portion  of  the  DCS  is  line-of-sight  radio  relay,  requirements  (a) 
and  (b)  are  allocated  across  the  entire  terrestrial  segment,  both  overseas 
and  CONUS,  on  a mileage  basis.  Requirement  (c)  above  applies  only  to  tropo- 
scatter links  and  is  thus  allocated  among  only  the  four  troposcatter  links 
which  are  included  in  the  overseas  terrestrial  segment. 

Thus,  since  there  are  four  600-mile  reference  channels  in  each  of  the 
CONUS  and  overseas  terrestrial  segments,  the  allocation  of  the  overall 
requirements  of  (a)  and  (b)  above  to  each  600-mile  channel  is  1/8  of  the 
overall  requirement.  Since  only  the  overseas  segment  contains  troposcatter 
links,  each  overseas  600-mile  channel  is  allocated  1/4  of  the  overall  value 
of  requirement  (c)  above,  which  applies  only  to  troposcatter  links.  These 
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allocations  are  shown  in 
of-sight  link  of  nominal 
600-mile  channel  while  a 
of  the  600-mile  channel, 
link  allocation  of  Table 


the  first  column  of  Table  II.  A single  line- 
30-mile  length  is  0.05  of  the  length  of  the 
180-mile  troposcatter  link  is  0.3  of  the  length 
These  percentages  are  used  to  obtain  the  per- 
il. 


The  results  of  the  above  allocations  are  shown  in  Table  II. 


TABLE  II.  PjlOPOSED  ALLOCATIONS  OF  FADE  OUTAGE  PROBABILITIES 


Ref. 

VF  or  Data  LOS  Tropo 

Channel  Link  Link 


(a)  Probability  of  fade  outage  2.5 
(0,2  - 5 sec)  per-call- 
minute 

(b)  Probability  of  fade  outage  2.5 
(5  - 60  sec)  per-call-  ^ 
minute 

(c)  Probability  of  recurrent  2.5 

outage  rate  of  2- 5/mi n. 


10-3 

1.25  . 

10-4 

7.5  . 

10-4 

10-4 

1.25  • 

10-5 

7.b  . 

10-5 

10-3 

NA 

2.5  . 

10-3 

b.  Mean  Time  Between  Loss  of  Bit  Count  Integrity.  Bit  count  integrity 
is  a parameter  of  primary  interest  in  systems  making  widespread  use  of 
encryption  equipment.  Loss  of  bit  count  integrity,  i.e.,  the  accidental 
insertion  of  an  extra  bit  into  the  bit  stream  or  deletion  of  a bit  from  the 
bit  stream,  causes  all  affected  encryption  equipments  to  lose  synchroniza- 
tion and  thus  require  resynchronization.  The  outage  penalty  seen  by  the 
user  due  to  this  loss  of  synchronization  is  moderate  if  the  crypto  equipment 
is  capable  of  automatically  initiated  resynchronization.  If  the  crypto  equip- 
ment is  not  capable  of  automatic  resync,  the  outage  penalty  may  be  significant. 
All  new  crypto  equipments  being  developed  and  deployed  in  the  DCS,  and 
essentially  all  crypto  equipments  operating  at  rates  above  teletype  rate,  are 
capable  of  automatic  resynchronization.  Many  teletype  rate  channels  are  still 
encrypted  with  equipments  which  require  manual  resynchronization  but  loss  of 
BCI  due  to  transmisssion  irregularities  is  not  a significant  threat  for  these 
channels  since,  for  a considerable  period  into  the  future,  the  channels  will 
be  derived  from  VFCT  equipment  or  low  speed  digital  submultiplex  equipment 
combined  with  a modem  and  applied  to  a VF  interface  with  the  transmission 
plant.  The  use  of  such  an  interface  means  that  loss  of  BCI  in  the  digital 
transmission  path  will  cause  errors  but  no  loss  of  BCI  in  the  teletype  channels. 
Thus,  the  specified  requirement  for  mean  time  between  loss  of  Bn  i<;  based  on 
considerations  of  how  much  losses  of  BCI  will  affect  equipments  with  automatic 
resync  capability. 
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It  should  be  emphasized  that  the  above  discussion  does  not  ensure 
the  absence  of  problems  due  to  manual  resynchronization  of  encryption 
equipment.  The  point  is  made  that  the  future  system  design  is  not  being 
constrained  by  this  possibility  since  (1)  it  is  a diminishing  configura- 
tion and  (2)  it  does  not  appear  to  cause  a problem.  If  problems  do 
arise,  they  should  be  solved  at  the  crypto  or  modem  level  rather  than 
strongly  influencing  the  design  of  the  new  digital  transmission  plant. 

When  BCI  has  been  lost,  resulting  in  the  need  for  resynchronization, 
the  length  of  time  required  for  the  resynchronization  adds  directly  to 
the  total  duration  of  the  outage.  It  is  therefore  of  interest  do  deter- 
mine the  potential  impact  on  overall  service  quality  from  outage  exten- 
sions due  to  resynchronization.  Consider  the  system  block  diagram  of 
Figure  2.  Assume  that  bit  count  integrity  is  lost  on  RF  link  #2  in  the 
B to  C direction  due  to  a fade  and  a consequent  loss  of  lock  in  the 
receiver  bit  timing  recovery  loop.  The  following  actions  then  occur: 

(a)  RF  link  #3  may  lose  synchronization  since  bit  timing  of  each  link 

at  an  unattended  repeater  is  slaved  to  the  previous  link  bit  timing. 

(b)  Both  Level  2 Multiplexers  at  D associated  with  the  Digroup  Span 
#1  will  dcvclare  loss  of  synchronization.  When  the  error  rate  on 
the  faded  link  has  recove>'=d  sufficiently,  the  receiver  at  D will 
resynchronize.  (Since  the  resynchronization  process  is  proba- 
bilistic, dependent  upon  link  error  rate,  the  time  required  for 
this  resynchronization  is  best  described  by  a mean  value  as  used 
in  the  table  on  the  following  page.)  The  Level  2 Multiplexers 

at  D will  attempt  to  resynchronize  and,  after  an  appropriate 
delay,  will  request  the  resynchronization  of  their  Trunk  (Bulk) 
Encryption  Devices  (TED).  After  the  TED  synchronization  is  com- 
pleted, the  Level  2 Multiplexers  will  resynchronize. 

(c)  Concurrent  with  the  declaration  of  an  out-of-sync  condition  at 
Station  D,  an  out-of-sync  condition  will  be  detected  by  the  Level 

1 Multiplexer  at  Station  M.  If  remote  telemetry  is  provided  to 
inform  a link  control  unit  (Transmission  Status  Monitoring  and 
Control  Unit--see  Appendix  A,  paragraph  3.1.1.3.10  for  description) 
at  M of  the  fade  outage  in  RF  link  #2,  the  Level  1 Multiplexer  at 
Station  M will  have  a delayed  resynchronization  to  await  the  Level 

2 resynchronization.  Thus,  there  is  the  possibility  that  Level  1 
resynchronization  is  not  required.  If  remote  telemetry  is  not 
provided,  then  the  Level  1 Multiplexer  at  M will  inmediately  ini- 
tiate a resynchronization  attempt  and  it  will  continue  this  attempt 
until  synchronization  is  restored. 

(d)  It  is  important  to  note  that  Digroup  Spans  2 through  5 remain  in 
synchronization  throughout  the  entire  period.  The  frame  for  each 
of  these  di group  spans  is  generated  in  its  Level  2 Multiplexer  and 
detected  in  the  corresponding  Level  2 Demultiplexer.  The  fact  that 
useless  data  crosses  the  1.544  Mb/s  interface  between  these  di group 


spans  does  not  affect  the  status  of  synchronization  within  the 
di group  span. 


(e)  For  a digital  user-to-user  circuit  such  as  an  AUTOSEVOCOM  II 
circuit,  a submultiplexer,  normally  located  with  the  Level  1 
Multiplexer,  will  also  need  to  resynchronize.  Finally,  the 
secure  voice  terminal,  including  the  terminal  crypto  unit, 
will  need  to  re synchronize. 


The  preceding  actions  describe  the  resynchronization  effects  that  will  result 
from  a loss  of  BCI  on  an  RF  link.  Although  all  individual  circuits  which 
occupy  the  affected  RF  link  must  then  undergo  a nested  series  of  resynchron- 
izations (as  described  above),  no  circuits  elsewhere  in  the  system  that  do 
not  pass  through  the  affected  RF  link  are  disturbed.  The  following  is  a list 
of  the  outage  extension  effect  of  a loss  of  BCI  at  the  RF  link: 


El ement 

Digital  Radio  Sets  (2) 

Trunk  (Bulk)  Encryption  Device  (TED) 
Level  2 TDM  Multiplexer 
Level  1 PCM  Multiplexer 
Digital  (TDM)  Submultiplexer 
Digital  Secure  Voice  Terminal  (DSVT) 
TOTAL: 


Mean  Resync  Time  (Ms.) 


10 

5 

5 

25 

50 

500-1500  ms. 
595-1595  ms. 


(see  Note  1) 
(see  Note  1 ) 

(see  Note  2) 


NOTE  1 : Mean  resynchronization  time  for  these  units  has  been  specified 
to  be  25  ms,  but,  due  to  their  operating  bit  rate,  sufficient  overhead 
capacity  is  provided  such  that  their  actual  mean  resync-time  is  expected 
to  be  consicerably  lower. 


i 

f 
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NOTE  2:  The  resynchronization  time  for  the  DSVT  is  approximately  1/2 

second  plus  two  round-trip  path  delays  through  the  interconnecting  channel. 
For  non-satellite  circuits,  the  round-trip  path  delay  is  trivial  but  for 
satellite  circuits  it  is  as  much  as  1/2  second,  thus  the  time  spread  shown. 

Of  the  above  listed  units,  all  except  the  TED  and  DSVT  are  capable  of  forward 
acting  synchronization  (i.e.,  a frame  signal  is  sent  continuously  so  that  the 
receive  end  may  resync  without  special  cooperative  action  by  the  transmit  end), 
whereas  the  TED  and  DSVT  must  enter  into  a cooperative  resynchronization  cycle 
(handshake). 

The  resynchronization  period  following  a loss  of  BCI  is  therefore  approxi- 
mately 100  milliseconds  for  clear  voice  and  other  non-secure  services  and  is 
approximately  one  second  (+  1/2  second)  for  secure  voice  service.  This  re- 
synchronization period  begins  when  link  quality  will  support  resynchronization 
with  a high  probability  of  success.  Generally  resynchronization  can  be  accom- 
plished prior  to  the  time  that  the  channel  has  returned  to  a usable  level  and 
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no  outage  extension  will  be  attributed  to  the  loss  of  BCI.  For  secure 
channels,  the  resynchronization  period  will  normally  extend  the  outage 
on  the  order  of  1 second.  In  almost  all  instances,  an  outage  will 
already  exist,  rather  than  the  loss  of  BCI  causing  the  outage. 

To  summarize  the  above  discussion,  losses  of  BCI  are  an  important 
disturbance  due  to  their  effect  on  crypto  synchronization.  But,  in 
equipments  with  automatic  resynchronization  capability,  the  principal 
impact  of  losses  of  BCI  is  to  lengthen  an  existing  outage  by  a moderate 
amount,  and  to  make  the  channel  error  rate  worse  during  their  duration 
(since  the  channel  error  rate  goes  to  0.5  while  BCI  is  lost).  Due  to 
the  fact  that  BCI  is  almost  invariably  related  to  an  already  existing 
outage,  it  has  been  decided  to  specify  performance  objectives  for  loss 
of  BCI  as  a percentage  of  fade  outages;  i.e.,  the  percentage  of  fade 
outages  that  also  result  in  a BCI  loss.  For  line-of-sight  fade  outages, 
the  resynchronization  time  is  shorter  than  the  existing  outage  time  and 
the  loss  of  BCI  normally  occurs  when  the  error  rate  is  already  worse 
than  10%  so  that  a moderately  large  number  of  outages  can  tolerate  loss 
of  BCI  without  materially  decreasing  the  overall  measure  of  channel 
quality.  It  has  been  decided  to  set  10%  as  an  objective  for  the  per- 
centage of  line-of-sight  fade  outages  which  cause  a loss  of  BCI.  Tropo- 
scatter  fade  outages  are  considerably  shorter  than  line-of-sight  outages 
and,  during  fading  periods,  are  more  frequent.  Thus,  a lower  percentage 
of  troposcatter  fade  outages  may  be  allowed  to  cause  a loss  of  BCI.  An 
objective  has  been  chosen  that  not  more  than  1%  of  all  troposcatter  fade 
outages  should  cause  a loss  of  BCI. 

c.  Unavailability.  The  DCS  end-to-end  availability  requirement  of 
0.99  was  allocated  in  Section  II,  Z to  the  various  segments  composing  the 
global  reference  circuit.  The  unavailability  allocation  to  the  overseas 
terrestrial  segment  is  0.004.  The  overseas  terrestrial  segment  is  nomi- 
nally composed  of  four,  identical  600-mile  (965  km)  channels  in  tandem 
(see  Section  II,  1),  each  with  an  unavailability  allocation  of  0.001. 

This  allocation  must  be  appropriately  divided  between  equipment  outage 
and  path  outage  contributions.  Each  will  be  discussed  separately  below. 

Long-term  path  outages,  suitable  for  inclusion  in  an  unavailability 
allocation,  are  very  rare  on  line-of-sight  radio  links.  Such  outages  are 
not  caused  by  multipath  fading,  but  rather  by  anomalous  index  of  refraction 
conditions.  Multipath  fading  causes  short  outages  which  are  considered 
a quality  degradation  as  described  in  Section  IV,  3, a rather  than  an 
unavailability.  The  total  unavailability  due  to  the  occurrence  of  anomalous 
conditions  is  determined  by  the  climatic  characteristi cs  of  the  path  and 
by  the  degree  of  path  clearance  over  the  intervening  terrain.  This 
unavailability  is  expected  to  be  considerably  less  than  that  due  to  equip- 
ment failure.  A budget  of  10%  of  the  total  channel  unavailability  is 
allocated  to  line-of-sight  long-term  path  outage.  This  is  a total  allo- 
cation of  10-4  divided  equally  among  14  line-of-sight  links  or  a per-link 
allocation  of  7 x 10~6.  The  path  clearance  criteria  that  must  be  applied 
to  achieve  this  allocation  is  the  subject  of  a separate,  future  report. 
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Long-term  path  outages  are  more  freguent  on  troposcatter  links  than 
on  line-of-sight  links.  Each  600-mile  (965  km)  channel  in  the  reference 
overseas  terrestrial  segment  contains  one  troposcatter  link.  An  unavail- 
ability of  10"^  per  600-mile  (965  km)  reference  channel  is  allocated  to 
long-term  troposcatter  path  outages.  The  remainder  of  the  unavailability 
budget,  8 • 10“^  per  600-mile  (965  km)  reference  channel,  is  allocated  to 
equipment  failure  outages. 

The  major  factors  which  affect  equipment-related  unavailability  are 

(1)  the  degree  of  equipment  redundancy  in  the  system,  (2)  the  efficiency 
of  performance  monitoring  techniques  to  detect  and  switch  to  standby 
equipment  when  failures  occur,  and  (3)  the  logistics  approach  that  is  used 
to  effect  the  restoral  of  failed  equipments.  Of  these  factors,  the  most 
important  is  the  degree  of  redundancy.  Effectively  used  redundancy  allows 
nearly  uninterrupted  service  when  a single  equipment  fails. 

The  next  most  important  factor  in  optimizing  availability  is  the 
selected  logistics  approach.  An  adequate  supply  of  spare  modules  or  assem- 
blies must  be  available  on-site  to  avoid  excessive  downtime  after  a failure 
occurs.  Also,  personnel  must  be  available  to  make  the  corrective  action. 
Also,  travel  time  is  a very  important  factor  in  determining  the  mean-time-to 
service-restoral  (MTSR).  (Note  the  difference  between  MTTR  which  addresses 
only  the  time  required  to  repair  a unit,  given  that  both  personnel  and 
parts  are  available,  and  MTSR  which  includes  travel  time  and  time  to  locate 
the  appropriate  part,  plus  the  basic  MTTR.) 

The  third  major  factor  affecting  unavailability  is  performance  moni- 
toring effectiveness.  Performance  monitors  must  be  capable  of  detecting 
the  failure  of  on-line  redundant  units  and  switching  to  the  off-line  unit 
but, even  more  importantly,  they  must  be  capable  of  detecting  failures  in 
an  off-line  unit  so  that  it  can  be  repaired  before  it  is  needed.  Inability 
to  detect  an  on-line  equipment  failure  can  be  rectified  by  manually  acti- 
vated switchover  to  a standby  equipment  (hence  a very  short  time-to-restore) 
but  the  inability  to  detect  an  off-line  failure  results  in  a total  outage 
when  the  on-line  unit  subsequently  fails.  This  occurrence  results  in  the 
need  to  dispatch  a maintenance  man  to  physically  repair  the  equipment 
before  service  is  restored. 

The  above  factors  result  in  equipment-related  availability  being 
described  in  terms  of  four  parameters: 

(1)  the  mean-time-between-outages  (MTBO)  which  can  be  restored 
by  manual  redundancy  switching, 

(2)  the  mean-time-between-outages  (MTBO)  which  require  equipment 
repair  to  accomplish  service, 

(3)  the  mean-time-to-service-restoral  (MTSR)  when  an  operational 
redundant  unit  is  available,  and 
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(4)  the  mean- time- to-service-restoral  (MTSR)  when  actual 
equipment  repair  is  required. 

Of  the  above  four  factors,  (3)  can  be  assumed  to  be  trivial  relative  to 
(4),  and  hence  (1)  is  also  trivial.  In  sunmary,  the  major  factors  which 
affect  the  unavailability  of  a system  such  as  the  DCS  which  widely  uses 
redundar  ,y  are  the  percentage  of  undetected  off-line  equipment  failures 
which  nullify  the  advantage  of  redundancy,  the  manning  density  of  the 
maintenance  function  which  determines  the  travel  time  component  of  MTSR, 
and  the  adequacy  of  spare  parts  support. 

The  following  discussion  and  its  related  Table  III  illustrate  the 
effect  of  these  factors  on  a reference  600-mile  (965  km)  channel  in  the 
DCS.  Table  III  is  an  example  of  allocation  of  mean-time-between-outage 
(MTBO)  requirements  to  individual  equipment  elements  which  meets  the 
required  availability  allocation  for  a 600-mile  (965  km)  reference  channel. 
These  allocations  to  the  equipment  level  are  not  mandatory  but  they  rep- 
resent the  approximate  order  of  magnitude  of  MTBO  required  to  meet  the 
specified  unavailability  and  show  which  equipments  exert  the  greatest 
leverage  on  overall  availability.  The  600-mile  (965  km)  channel  model 
used  in  Table  III  is  illustrated  in  Figure  2.  Table  III  is  also  based 
on  a number  of  assumptions  listed  below: 

(1)  The  average  LOS  RF  link  will  have  an  active  cross-section 
of  twelve  di groups  out  of  a possible  maximum  of  sixteen 
since  most  DCS  links  are  not  fully  loaded. 

(2)  The  average  digroup  will  have  an  active  (i.e.,  assigned 
circuits)  cross-section  of  20  channels  out  of  a possible 
maximum  of  24.  Thus  the  total  cross-section  used  for 
availability  calculations  is  twelve  digroups  times  20 
channels  or  240  channels. 

(3)  The  mean-time- to-service-restoral  (MTSR)  once  an  equipment 
failure  outage  has  occurred  will  be  30  minutes  at  an 
attended  location  and  three  hours  at  an  unattended  loca- 
tion. These  assumptions  are  based  on  the  attended  restoral 
time  being  approximately  twice  the  MTTR  specified  for  each 
equipment  due  to  the  time  lag  in  isolating  the  failure  to 

a specific  equipment,  the  time  lag  in  getting  maintenance 
personnel  assigned,  and  delays  in  locating  replacement 
modules  or  components.  The  three-hour  MTSR  period  for 
unattended  locations  thus  assumes  a manning  level  which, 
on  the  average,  locates  repair  personnel  within  2 1/2  hours 
of  the  site.  For  the  purposes  of  Table  III,  it  is  assumed 
that  all  locations  containing  multiplex  and  encryption 
equipment  are  attended  while  all  other  locations  are 
unattended.  Thus  the  MTSR  values  in  Table  III  for  all 
equipment  failures  except  radio  and  station  power  are 


26 


TABLE  III.  REFERENCE  CHANNEL  UNAVAILABILITY  ALLOCATIONS 


CD 

< LU  h- 


;si 


% 


. H 
H- 


00 

OC 


<C  £ 


OO 


£ UJ  CD 
CO  <t 


00 

oc 

—I 

Ui  uj  •**— ■ 
Z CD 
Z <C  UJ 

<2  H-  CD 
X =)<t 
O O ^ 

o 


O UJ  UJ 
h~  Z O-^ 
Z O t“*  00 
C UJ  H-  > Qi 
UI  s (/>  OC  X 
3E:  ^ UI  UI 

I—  Qi  oo 
oo  o 

U _J  UJ 
O UJ  I— 
Z o 
• Z UJ 
o c u 

Z X U. 

o <c 


o 

X 

n 

!“o 


Cl  I— 


< 

X 

Ol 


pv. 

r*“ 

CM 


O 

CM 


o 

o 

o 


CO 


o 

o 

o 

•> 

in 

CM 


o 

CM 

m 


o 

o 

CM 


O 

VO 


o 

CM 


O 

^sl 


O 

1-^ 

> 

UI 

o 


CL 

>- 


o 

o 

o 


o 

o 


o 

o 

CM 


O 

CM 


O 

CM 


t- 

o. 

cy 


0 

1 

o 

U) 


o 

o 


o 

o 


o 

in 


o 

CM 

CM 


o 

CM 


o 

CM 


Q. 

cr 


oc 

o 

a. 


o 

CM 

CO 

•k 

CO 


CM 

CO 


CO 


o 


o o o 

lO  I—  »— 


CM 


s 

cx> 


o o o o 
o o o o 
o o o o 


Ou 

O' 


o 

o 


Q. 

cr 


X 

o 


o 


o 

o 


r-  CO  I— 

I—  a^ 


CM 

CO 


m 


o f—  o 

CM  ^ 

CM 


O lO 
CM  00  I— 


O 


oo 


f—  o 


< 

X 

o 

< 

H- 

o 


CD 

<c 


oo 

or 


< 

X 

o 

o 


00 


<c 

< 


h- 

QC 

1 

1 

1 

1 

UI 

UI 

O 

CL 

00 

z 

X 

X 

X 

X 

o 

u> 

o 

'Z> 

X 

X 

•1C 

o 

X 

X 

X 

X 

oc 

z 

UJ 

o 

o 

x: 

g 

g 

X 

X 

3 

►-H 

< 

-j 

o 

CD 

o 

1— 

QC 

X 

H- 

Q, 

Q. 

o. 

-J 

z 

CO 

UJ 

—1 

CM 

CM 

z 

X 

X 

< 

o 

CL 

h- 

LC 

-J 

-J 

QC 

z 

UI 

UI 

UI 

UI 

»— 

UJ 

X 

CD 

X 

> 

> 

> 

> 

<c 

CL 

o 

♦— « 

oc 

UI 

UI 

UI 

Ui 

h“ 

UJ 

O 

»— 

-J 

-J 

00 

■K 

—I  >- 
CO  oo 
<t  UJ 

£t= 

Oc: 

UJ  < 

Z X 
•-*  H- 
z ►-» 
=33 


u >- 

< 

O 1— 

>— 

»— » 

lO 

CM 

o 

Z -J 

1- 

O H-t 
•— 1 CO 
K'  < 

5^ 

»-•  CD 

CL  Z 
CL  O 

< »-H 

O 

O 

H* 

o 

O 

00 

o 

00 

^ cC 

o 

O 

o 

o 

< OC 

* 

• 

r-* 

cj- 

o 

OO  UI 

o 

o 

X 

o 

QC  Z 

rx 

o 

f— 

o 

UI  UI 

1— 

u> 

o\ 

• 

> CD 

CM 

»— 1 

z >- 

X QC 

cC 

UJ  V- 

OO 

X o 

QC 

oo 

>- 

1—  QC 

X 

QC 

H" 

CM 

o 

o 

X 

»— 4 

Z Q.  O 

X. 

CM 

X 

o 

O =>  o 

^ t— I 

Q CD  Qc: 
UJ  < UJ 

^ oo  a. 

CO  CO  CL 
UI  X 
00  Q »— 

(— t 1-^  QC 
> <« 
q:  o I— 

UJ  oo 

3 a. 

O DC 
CL  00  O 
Q-  I — 

§=s 

»-i  O UI 
H-  QC  Z 
^ UJ 
I—  Q CD 
OO  Z 
< UJ 
£X  »—  X 

o <n  I— 


UJ  CD 
» X Z 
I L-  I— I 
OC 

• o 


oo 

oc 


o 

X 

CD 


CD 

<c 


X 00  _ 
o UJ  o 
I I-  < 

z o 

UI  oo  ^ 
UJ 

3 -J  Z 
I-  -JO 
UI  < «— I 
CO  ^ 
I I-  < 
UJ  < »- 
X oo 

H-  cn  UJ 
* Ss  ^ 

la*- 

UI  >• 

X oo  oc 
UI  oc 

o o <c 

UI  cac  o 

^ ^ 
X o o 
oo  oo  I— 
oo 

< 0^  h- 
Ul  z 
Lu  3 <: 
X o -j 

h-  CL  CL 


71 


30  minutes  and  the  MTSR  values  for  radio  sets  and 
station  power  result  from  the  fact  that  1/3  of  all 
radio  sets  and  station  power  equipment  are  at 
attended  locations  (Station  A and  D of  Figure  2) 
while  the  other  2/3  are  at  unattended  locations 
(Stations  B and  C).  The  resultant  MTSR  for  radio 
and  station  power  equipment  derives  from  averaging 
these  values  (2.17  hours  for  Digital  Radio  Sets  and 
1.75  hours  for  Station  Power). 

(4)  Unavailability  due  to  equipment  failures  will  result 
only  from  those  equipment  failures  which  actually  cause 
a service  outage.  For  redundant  equipment,  most  failures 
do  not  cause  an  outage  and  therefore  have  no  impact  on 
unavailability.  Mean-time-between-outages  is  the  meas- 
ure of  how  often  an  equipment,  even  if  redundant,  causes 
an  outage.  Typical  causes  of  outage  in  redundant  equip- 
ments are  failures  of  the  standby  equipment  which  are  not 
detected  until  the  on-line  unit  fails,  or  failure  of  the 
redundancy  switching  circuitry  to  correctly  detect  the 
need  to  switch.  In  order  to  provide  an  acceptable  unavail- 
ability, it  is  clear  that  the  Digital  Radio  Set,  the 
Level  2 TDM  Multiplexer,  and  the  Trunk  (Bulk)  Encryption 
Device  must  be  redundant  (see  Table  III)  due  to  the  number 
of  channels  that  are  affected  when  these  units  fail,  and 
to  the  number  of  these  units  that  each  channel  must  traverse. 
(Effective  redundancy  can  be  obtained  for  the  Trunk  (Bulk) 
Encryption  Device  with  a bypass  arrangement  since  a short 
term  loss  of  trunk  encryption  is  not  considered  to  be  an 
outage. ) 

The  values  shown  in  Table  III  were  derived  as  follows: 

(a)  Quantities  in  column  (a)  were  obtained  from  Figure  2. 

(b)  The  number  of  channels  affected  by  each  outage  listed  in  column  (b) 
were  computed  from  assumptions  (1)  and  (2)  above. 

(c)  Mean-Time- to- Restore-Service  (MTSR),  column  (c),  was  derived  as  dis- 
cussed in  (3)  above. 

(d)  Channel  Outage/Outage  listed  in  column  (d)  is  the  product  of  the 
Number  of  Channels  Affected  (b)  and  MTSR  (c). 

(e)  Mean-Time-Between-Outages  (MTBO)  values  listed  in  column  (e)  were 
assigned  based  on  the  considerations  discussed  in  assumption  (4)  above. 

These  assignments  are  not  mandatory  but  they  are  felt  to  be  typical  of 
those  required  to  meet  the  overall  system  availability  requirement. 


(f'  Outage  Rate/Unit  is  expressed  per  million  operating  hours,  thus 
it  is  equal  to  10^  divided  by  MTBO. 

(g)  Total  Outages  listed  in  column  (g)  is  the  product  of  Quantity  (a) 
and  Outage  Rate/Unit  (f). 

(h)  Total  Channel  Outage  listed  in  column  (h)  is  the  product  of  Total 
Outages  (g)  and  Channel  Outage/Outage  (d). 

(i)  Total  Channel  Hours  is  the  product  of  the  total  channel  cross- 
section  times  one  million  operating  hours,  i.e.,  240  x 10^  = 2.4  • lO^. 

Note  that  columns  (f),  (g),  (h),  and  the  term,  'Total  Channel  Hours',  are 
all  based  on  one  million  hours  of  system  operation.  This  period,  one  million 
hours,  is  simply  a convenient  unit  for  calculation  purposes.  It  is  cancelled 
out  in  the  division  process  of  dividing  Total  Channel  Hours  of  Outage  by 
Total  Channel  Hours  to  obtain  Unavailability. 

Based  on  the  values  of  MTBO  and  MTSR  assumed  nerein,  unavailability 
allocations  have  been  made  to  the  individual  RF  link  and  reference  di group 
in  the  system  specification.  These  allocations  are  obtained  by  adding  the 
individual  unavailability  contribution  of  each  equipment  composing  the  RF 
link  or  digroup  where  unavailability  is  approximately  equal  to  the  MTSR 
divided  by  the  MTBO  of  the  equipment.  An  actual  implementation  may  be 
chosen  which  deviates  slightly  from  the  assumptions  used  herein.  Such  a 
deviation  is  acceptable  if  the  resultant  channel  unavailability,  derived 
by  the  method  developed  herein,  is  still  no  greater  than  0.0008. 

d.  Link  Design  - Line-of-Sight.  Fading  on  line-of-sight  links  may 
occur  due  to  either  multipath  propagation  or  anomalous  index  of  refraction 
effects.  Fade  margin  is  normally  provided  to  combat  multipath  fading  while 
adequate  path  clearance  is  the  normal  protection  from  anomalies.  Path 
clearance  requirements  bear  a complex  relationship  to  climate  and  terrain 
which  are  not  treated  herein.  The  following  discussion  treats  the  derivation 
of  fade  margin  requirements. 

The  primary  performance  requirement  which  imposes  a specification  require- 
ment for  fade  margin  is  the  probability  of  fade  outage.  From  Section  IV, 3, a, 
on  a single  line-of-sight  link,  the  requirement  for  probability  of  fade  out- 
age is  1.25  • 10"^  for  outages  in  the  0.2  - 5 second  range,  and  1.25  • 10"^ 
for  outages  in  the  5-60  second  range. 

These  performance  requirements  replace  the  RF  link  design  criterion 
termed  "media  unavailability",  which  was  previously  used  as  the  DCS  link 
design  standard.  The  overall  link  designs  that  result  from  using  the  fade 
outage  probability  criterion  vice  the  media  unavailability  criterion  are 
similar,  although  they  may  differ  by  a few  dB  from  link-to-link.  The  primary 
reason  for  changing  from  the  "media  unavailability"  criterion  to  the  proba- 
bil ity-of- fade-outage  criterion  is  to  provide  better  traceability  to  specific 
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circuit  performance  as  perceived  by  the  user.  Appendix  C contains  a 
comparison  of  the  two  criteria  for  a specific  RF  link  to  allow  compar- 
ison with  previous  link  designs. 

Link  design  will  be  discussed  herein  based  on  fade  margin  as  the 
fundamental  design  parameter.  Performing  link  designs  based  solely  on 
fade  margin  assumes  that  the  line-of-sight  channel  is  sufficiently  non- 
dispersive  so  that  media-caused  intersymbol  interference  is  a negligible 
error  source.  For  properly  designed  links,  at  the  transmission  rates  to 
be  used  in  the  DCS,  this  is  a valid  assumption.  Intersymbol  interference 
in  this  context  is  caused  by  a linear  time  dispersive  propagation  path 
where  the  transmitted  symbol  stream  is  dispersed  resulting  in  overlapping 
of  these  symbols  at  the  receiver.  Generally,  the  amount  of  channel  dis- 
persion (i.e.,  the  width  of  its  impulse  response)  must  be  on  the  order  of 
10-20%  of  a transmitted  symbol  (i.e.,  baud)  interval  for  channel -caused 
intersymbol  interference  to  become  significant.  For  DCS  links,  the  highest 
baud  rate  will  be  on  the  order  of  1/2  the  bit  rate  or  about  12.5  megabaud 
per  second.  This  corresponds  to  a baud  interval  of  80  nanoseconds  with  a 
corresponding  required  channel  multipath  delay  spread  of  8 nanoseconds  or 
more  to  cause  significant  intersymbol  interference  effects.  Typical  multi- 
path  delay  spread  for  line-of-sight  paths  is  on  the  order  of  2 nanoseconds 
[1]  and  thus  should  cause  no  significant  impact.  [A  recent  report  [2] 
reported  significant  intersymbol  interference  on  a digital  microwave  path 
in  Colorado  but  an  examination  of  the  distribution  of  long-term  hourly 
median  path  loss  values  on  this  path  leads  to  the  suggestion  that  the 
path  had  inadequate  terrain  clearance  and  that  the  reported  large  values 
of  delay  spread  occurred  when  the  path  was  operating  in  a diffraction  mode 
rather  than  a line-of-sight  mode.  In  diffraction  mode,  particularly  in 
mountainous  terrain,  the  opportunity  arises  for  transmitted  energy  to  reach 
the  receiver  via  significantly  off-axis  reflective  paths  with  consequently 
high  delay  spread.]  Fade  margin  is  defined  as  the  difference,  in  dB, 
between  the  median,  unfaded  received  signal  level  and  the  threshold  received 
signal  level  corresponding  to  a 10"^  bit  error  probability.  The  probability 
that  the  received  signal  level  is  below  threshold  on  a space  diversity  RF 
link  can  be  expressed  in  terms  of  fade  margin  by  [3]: 


pQ  = (r2  + 1 ) acD^  lO"''/®  (1) 

where  Pq  = the  probability  that  the  received  signal  is  below  threshold, 
a = the  percentage  of  the  year  that  constitutes  the  fading  season, 
c = climate  and  terrain  factor.  This  parameter  may  vary  from 
0.25  to  4 with  a value  of  1 for  average  terrain  and  climate. 

D = path  length  in  statute  miles. 

S = antenna  separation  (diversity)  in  feet  (5^50  feet). 

F = fade  margin  in  dB. 

r2  = diversity  combiner  hysteresis  ratio  (10  log  r2  = hysteresis 

ratio  in  dB.  This  is  the  difference  in  diversity  signal  level 
required  for  the  diversity  switch  to  operate  ). 
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(See  reference  [3]  for  an  excellent  discussion  on  the  proper  application 
of  the  factors  a and  c,  to  various  types  of  terrain  and  climate,  for  the 
estimation  of  the  proper  value  of  the  length  of  the  fading  season  and  for 
criteria  for  the  selection  of  path  clearance  requirements.) 

An  expression  similar  to  (1)  can  be  obtained  for  frequency  diversity 
operation.  In  this  case,  the  factor  $2  in  (1)  is  replaced  by 


7D  X Af 


in  the  4 GHz  band 


1.75D  X Af 



in  the  8 GHz  band 


where  D = path  length  in  miles 

Af  = frequency  separation  in  MHz 
f = frequency  in  GHz. 

A moderate  amount  of  test  data  has  been  obtained  [4]  on  the  distribution 
of  line-of-sight  fade  durations.  The  resulting  fade  duration  distribution 
for  diversity  reception  has  a mean  value  given  by 

to  = 225  X lO-F/20  (3) 

where  t©  is  the  mean  duration  of  fades  below  threshold,  in  seconds,  and 
F is  the  fade  margin  in  dB.  Expressions  have  been  derived  for  the  curve 
that  best  fits  empirical  data  on  the  distribution  of  fade  durations  rela- 
tive to  their  mean  value  [4]  and  [5]  . The  simpler  of  these  expressions 
will  suffice  for  use  herein  and  is  given  by: 


P(t)  = 


where  P(t)  is  the  probability  that  a fade  has  a duration  of  t seconds  or 
greater.  Figures  3,  4 and  5 illustrate  the  relationships  of  equations  (1) 
through  (4)  and  are  provided  for  background  illustration. 

For  a given  fade  margin,  the  mean-time-between-fade-outages  in  seconds 
can  be  obtained  from 


MTBFO  = 


^ ^ = 1.26  X 10^  -[nO.lSF 

Po  (r2  + 1)acD'^ 
r^ 


Thus,  for  example,  the  mean-time-between-fade-outages  on  a 30-mile  (48  km) 
space  diversity  path,  with  30- foot  (9.1  m)  antenna  separation,  a 2 dB 
hysteresis,  and  a 30-dB  fade  margin,  is  8 x 10^  seconds  or  9.15  days. 
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FIGURE  3 
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(3  MO.  FADING  SEASON,  AVERAGE  TERRAIN 
AND  CLIMATE,  2 DB  DIVERSITY  HYSTERESIS) 


MEAN  OUTAGE  DURATION  ( SEC  ) 


FIGURE  5.  PERCENT  OF  DIVERSITY 

LOS  FADES  WITH  DURATION 
LESS  THAN  ORDINATE 
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Out  of  the  total  set  of  facies,  the  percentage  with  duration  in  the 
range  from  200  milliseconds  to  5 seconds  and  the  percentage  with  duration 
in  the  range  above  5 seconds  can  be  obtained  from  (4).  Thus  the  mean- 
time-between-fade-outages  in  seconds  for  any  particular  range  of  fade 
duration  is 

MTBFO  (ti,  to)  = WTBFO 

’ ^ P(t,)  - Ptt2)  ^ 

where  MTBFO  is  the  mean-time-between-fade-outages  of  any  duration, 
obtained  from  (5),  ti  and  to  are  the  lower  and  upper  duration  limits, 
respectively,  and  P(t)  is  given  by  (4).  The  number  of  fade  outages  of 
a given  range  of  fade  duration  during  a call  duration  of  one  minute, 
assuming  a 100%  channel  activity  factor  (this  is  equivalent  to  duplex 
operation),  is  given  by 
60 

" = MTBFO  (tp  t^)  • ^7) 

For  small  values  of  n,  this  is  approximately  equal  to  the  probability  of 
fade  outage  per  call-minute.  Since  for  all  reasonable  link  designs 
MTBFO  (t^,  t2)  will  be  much  larger  than  60,  the  probability  of  fade  outage 
on  the  link  can  be  considered  to  be  equal  to  n. 

Table  IV  is  a surtmary  of  key  parameters  relating  to  fade  outage  proba- 
bility over  a range  of  fade  margins  for  a typical  link.  (Table  IV  was  cal- 
culated for  a 30  statute  mile  (48  km)  path  with  30-foot  (9.1  m)  space 
diversity  antenna  separation  and  a hysteresis  value  of  2 dB.)  Figure  6 
shows  the  probability  of  fade  outage  per  call-minute  (plotted  from  columns 
F and  G of  Table  IV)  for  the  0.2-5  second  and  the  greater-than-5-second 
range  of  outages.  Referring  to  Section  IV,  3, a.  Table  II,  the  requirements 
for  Range  II  (0.2  - 5 second)  and  Range  III  ( greater- than-5-second)  duration 
fade  probabilities  are  1.25  • 10"4  and  1.25  • 10"5,  respectively.  Thus, 
from  Figure  6,  the  fade  margin  required  to  meet  these  requirement  is  26  dB 
for  the  0.2-5  second  requirement  and  32  dB  for  the  over-5-second  require- 
ment. To  determine  the  fade  margin  required  for  a specific  link,  the  more 
stringent  of  the  two  requirements  governs  and  the  fade  margin  for  the 
specified  link  is  therefore  32  dB.  Figure  6 shows  that,  in  the  practical 
range  of  fade  margins  (20-45  dB),  since  the  basic  requirement  for  fade 
outages  longer  than  5 seconds  is  ten  times  more  stringent  than  the  require- 
ment for  shorter  fade  outages,  the  requirement  for  longer  fade  outages 
always  dominates  the  choice  of  fade  margin. 

A curve  showing  the  cumulative  fade  probability,  Pp  of  equation  (1), 
is  also  plotted  in  Figure  6.  This  parameter,  Pp,  is  the  same  as  the 
"media  unavailability"  previously  used  as  a link  design  criterion.  The 
curve  for  Pq  has  nearly  the  same  slope  as  the  curve  for  outage  Range  III 
fade  outage  probability.  Thus,  they  are  similar  parameters  that  can  be 
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used  interchangeably,  with  a suitable  adjustment  factor  over  the  range 

1 of  interest.  The  previously  used  link  design  criterion  of  Pq  = 10"5 

resulted  in  a fade  margin  requirement  of  30  dB  for  the  link  described  by 
Figure  6,  whereas  the  probability  of  fade  outage  requirement  results  in 
a fade  margin  of  32  dB.  A 32  dS  fade  margin,  on  this  link,  is  equivalent 
to  a "media  unavailability"  of  3.5  x 10-6.  Hence,  links  may  be  designed 
using  the  "media  unavailability"  criterion  if  a value  of  3.5  • 10~®  is 
used  as  the  required  value. 

I The  above  derivation  leading  to  a fade  margin  requirement  is  dependent 

on  individual  RF  link  parameters,  because  the  evaluation  of  the  probability 
of  the  received  signal  being  below  threshold,  P^,  is  affected  by  link 
characteristics.  The  fade  outage  probability  is  directly  proportional 
to  Pq  so  that  differences  in  path  length,  antenna  separation,  terrain,  and 
climate  result  in  a vertical  displacement  of  the  curves  in  Figure  6 that 
is  determined  by  the  ratio  of  the  Pq  of  the  actual  link  to  the  Pg  of  the 
referenced  link  of  Figure  6. 

Figure  6 is  plotted  for  average  terrain,  average  climate,  a 30  statute 
mile  (48  km)  path  and  a 30-foot  (9.1  m)  antenna  separation. 

Table  V illustrates  the  impact  on  required  fade  margin  of  various  path 
parameters. 

TABLE  V.  FADE  MARGINS  FOR  VARIOUS  PATH  PARAMETERS 

) 

! 

; PATH 


Diversity  rumat-o 

Lengtn  Separation  inmate  & Required  Fade  Margin  (dB) 

(mi)  (ft)  Terrain  t 


30 

20 

Normal 

(ac=l/4) 

34 

30 

30 

Normal 

(ac=l/4) 

32 

30 

40 

Normal 

(ac=l/4) 

30.5 

30 

30 

Good 

(ac=l/32) 

26.5 

30 

30 

Poor 

(ac=2) 

33.5 

40 

30 

Normal 

(ac=l/4) 

34.5 

50 

30 

Normal 

(ac=l/4) 

36.5 

50 

40 

Good 

(ac=l/32) 

30.5 

50 

40 

Poor 

(ac=2) 

39.5 
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To  determine  the  total  link  margin  required  on  any  specific  RF  link,  | 

equation  (1)  is  used  to  find  the  required  value  of  fade  margin,  F,  for  I 

Pp  = 3.5  X 10*6,  using  values  for  r,  a,  c,  D and  S that  are  tailored  to 
the  particular  link  in  question.  A miscellaneous  loss  margin  of  6 dB  is 
required  in  addition  to  the  fade  margin  derived  above.  This  miscellaneous 
loss  margin  is  required  to  account  for  initial  link  implementation  losses  I 

such  as  minor  antenna  misalignment,  to  account  for  system  gain  degradation 
such  as  waveguide  corrosion  and  receiver  noise  figure  aging  that  occur  | 

over  the  lifetime  of  the  system  and  to  allow  for  the  effects  of  RF  inter- 
ference. 

The  above  criterion  will  result  in  the  overseas  and  CONUS  terrestrial 
digital  transmission  segments  causing  an  average  of  not  more  than  1%  of 
all  five-minute  calls  via  the  global  reference  circuit  to  be  perturbed  by  J 

a disruptive  fade  outage  (longer  than  5 seconds).  Since  the  terrestrial 
segments  of  the  global  reference  circuit  are  nominally  composed  of  eight 
identical  600-mile  (965  km)  VF  channels  (i.e.,  assuming  the  CONUS  segment 
is  identical  to  the  overseas  segment),  these  channels  will,  on  the  average, 
experience  a 5-second  or  longer  disruption  on  not  more  than  0.125%  of  all 
5-minute  calls.  This  is  a yearly  average  value.  The  fading  which  causes 
these  disruptions  is  actually  a somewhat  seasonal  phenomenon  and  also  is 
more  likely  to  occur  at  certain  times  of  the  day.  For  the  600-mile  VF 
channel,  the  worst  fading  hour  may  be  about  one  order-of-magnitude  worse 
than  the  yearly  average,  therefore  making  the  probability  of  fade  outage 
during  the  worst  hour  for  the  600-mile  channel  similar  to  the  annual  aver- 
age value  of  the  global  reference  circuit.  The  variation  of  global  refer- 
ence circuit  performance  around  its  average  value  will  not  be  as  great  since, 
due  to  its  length,  it  spans  many  time  zones  and  may  even  span  regions  with 
opposite  seasons. 


e.  System  Gain  - Line-of-$ight.  System  gain  is  the  difference  between 
the  power  output  of  the  transmitter,  as  delivered  to  the  transmit  waveguide, 
and  the  sensitivity  of  the  receiver  as  measured  at  its  interface  with  the 
receive  waveguide.  Receiver  sensitivity  is  that  received  signal  strength 
required  to  meet  the  threshold  bit  error  rate  requirement  of  10"^.  (Some 
previous  documents  have  referred  to  a bit  error  rate  threshold  of  10"^. 
Either  threshold  is  usable  by  applying  a correction  factor  of  4 dB;  i.e., 
fade  margin  and  system  gain  numerical  requirements  are  reduced  by  4 dB 
if  the  threshold  is  referred  to  a 10“^  bit  error  rate  rather  than  the  10“^ 
bit  error  rate  used  herein.) 


For  a 1 ine-of-sight  path,  the  required  system  gain  is  given  by 


Gs  = Lfs  + F + Lw  + - Gat  - ^ar  ^8) 

where  G^  = system  gain  in  dB 

Lf5  = free  space  path  loss  in  dB 

= 97  + 20  log  f + 20  log'  D (f  and  D are  frequency  and  path  length 
as  previously  defined) 

F = fade  margin  in  dB 
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[ Lv^  = total  waveguide  loss  in  dB 

; Lm  = miscellaneous  losses  due  to  atmospheric  absorption,  waveguide 


aging,  receiver  noise  figure  aging,  etc. 
Gat  = transmitting  antenna  gain 
Gar  receiver  antenna  gain. 


In  order  to  obtain  values  for  these  parameters  which  represent  a broadbased 
sample  of  the  DCS,  records  of  approximately  70  existing  microwave  links  in 
the  European  DCS  were  surveyed.  Lfg  was  calculated  based  on  path  length 
records,  was  calculated  based  on  waveguide  length  records,  Gg*  and  Gg^ 
were  calculated  based  on  antenna  size  records,  and  a value  of  6 dB  was 
assigned  for  Lm-  For  each  surveyed  RF  link,  a combined  net  path  loss 
value,  Lt,  was  obtained  from 

Lt  ~ Lf5  + Lyy  + L|J,  - Gg^  - Gg^  , (9) 

The  distribution  of  values  of  L+  is  plotted  in  Figure  7.  Figure  8 is  a simi- 
lar plot  for  the  distribution  of  path  lengths  for  the  same  set  of  links. 

A system  gain  requirement  of  104  dB  is  derived  from  Figure  7 in  order 
to  provide  at  least  32  dB  fade  margin  on  90%  of  all  RF  links  without  requiring 
antenna  replacement.  This  replacement  will  allow  digital  upgrades  of  most 
existing  sites  without  the  need  to  install  larger  antennas 

f.  Error- Free  Data  Blocks  - Line-of-Sight.  The  specified  requirement 
for  error- free  data  blocks  for  a reference  1 ine-of-signt  link  is  0.99997 
(see  Section  IV, 2, b).  This  corresponds  to  a 3 • 10"^  probability  that  any 
block  will  contain  errors.  This  probability  is  given  by  [6]  . 

P (BE)  = E ("I  p*^  (l-p)"’*^  f(p)  dp  (10) 

k=l  0 

where  n = the  number  of  bits  in  a data  block 
k = the  number  of  errors  in  the  block 
D = bit  error  probability 

f(p)  = the  probability  density  function  of  the  bit  error  probability 
for  the  specified  channel. 

In  the  above  expression,  the  term 

^E^  pk(l-())n-k  (n) 

represents  the  probability  that  a block  will  have  one  or  more  errors,  given 
a bit  error  probability,  p.  The  remainder  of  the  expression  evaluates  the 
probability  that,  for  a specific  channel,  the  bit  error  probability 
will  have  a value,  p.  Since  the  channel  is  a dynamically  fading  channel. 
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the  evaluation  of  the  expression  for  P(BE)  can  be  thought  of  as  determining 
the  percent  of  time  that  the  received  signal  level  occupies  some  value 
that  corresponds  to  a particular  bit  error  probability,  and  then  deter- 
mining, for  each  of  those  time  increments,  how  many  of  the  transmitted 
blocks  can  be  expected  to  contain  errors.  The  former  percentage,  i.e., 
percent  of  time  that  the  received  signal  level  is  at  some  value,  is  a 
direct  function  of  the  fade  margin,  and  hence  P(BE)  is  a function  of 
fade  margin. 

Rigorous  evaluation  of  the  expression  (10)  is  quite  difficult  but 
approximate  evaluation  can  be  made  with  acceptable  accuracy  by  observing 
the  following: 

(1)  For  a given  modulation  technique  and  a given  RF  link  configura- 
tion, f(p)  can  be  converted  by  a transformation  of  variables 

to  an  equivalent  density  function  of  received  signal  level, 
f(RSL). 

(2)  The  value  of  the  expression  (11)  for  block  error  conditional 
probability  goes  rapidly  from  a trivial  value  to  approximately 
unity  over  about  a 2 dB  RSL  range  in  the  immediate  vicinity 

of  that  RSL  which  corresponds  to  a bit  error  probability  of 


(3)  The  value  of  f(RSL)  is  Rayleigh  distributed,  hence  the  probability 
that  the  RSL  occupies  a small  region  (RSL  + E)  around  any 
specified  value  does  not  vary  greatly  as  the  specified  RSL  is 
varied. 

(4)  Therefore,  the  probability  of  block  error  is  approximately 
equal  to  the  probability  that  the  fade  depth  exceeds  that  RSL 
threshold  where  bit  error  probability  is  1^ 


Thus,  for  the  block  length  of  1000  bits,  the  threshold  bit  error  probability 
for  block  errors  is  10"3.  The  RSL  corresponding  to  this  value  of  bit 
error  probability  is  1.6  dB  below  the  threshold  RSL  defined  in  section 
IV,  2, a.  The  probability  of  a fade  exceeding  this  block  error  threshold 
can  be  obtained  for  any  RF  link  by  first  determining  the  link  fade  margin, 
F-|,  using  the  methods  of  section  IV,  3,d.  The  probability  of  block  error 
for  the  link  is  given  approximately  by 

P(BE)  = Pq(F^)-10’^-^/5  (12) 
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where  Pp  (Fi)  is  the  fade  margin  requirement  of  Section  IV, 3, d or  3.5  • lO"^- 
For  a 30-mi1e  (48  km)  link  over  average  terrain  and  climate,  with  30-foot 
(9.1  m)  antenna  separation,  the  resultant  required  fade  margin  (from  IV, 3, d) 
is  32  dB  and  the  resultant  predicted  probability  of  block  error  is  1.7  • 10"°. 
Note  that  this  predicted  probability  of  error-free  blocks,  which  results  from 
the  fade  margin  requirement  imposed  by  voice  channel  quality  requirements, 
is  much  better  than  the  data  channel  requirement  specified  in  Section  IV, 2, d. 
Thus,  the  voice  channel  requirement  imposes  a more  stringent  demand  on  fade 
margin  than  does  the  data  channel  requirement.  The  predicted  performance 
of  the  global  reference  circuit,  based  on  extrapolation  of  the  above  calcu- 
lated RF  link  block  error  probability,  is  a 0.9996  probability  of  error-free 
seconds.  This  calculated  value  considers  only  fade-induced  errors.  A small 
percentage  of  additional  errors  will  be  caused  by  fade  outage  extension  at 
the  digroup  and  channel  level  due  to  resynchronization  periods  added  to  the 
end  of  some  fade  outages  (see  Section  IV, 3, b)  and  occasional  error  bits  due 
to  redundant  equipment  switching  and  unexplained  transients.  Nevertheless, 
overall  error- free  block  performance  is  expected  to  be  at  least  0.999. 

g.  Link  Design-Troposcatter.  The  troposcatter  channel  is  most  accu- 
rately viewed  as  having  a compound  fading  characteristic  with  short  term 
(e.g.,  hourly)  Rayleigh  fading  impressed  on  a longer  diurnal  and  annual 
fading  distribution.  Historically,  the  performance  of  troposcatter  links 
was  related  to  the  percentage  of  time  that  a particular  short  term  average 
Signal-to-Noise  Ratio  (SNR)  could  be  maintained  out  of  the  longer  term  fading 
ensemble  (i.e.,  time  availability).  The  essence  of  this  convention  will  be 
continued  here. 

Determination  of  the  long-term  distribution  of  short  term  SNRs  is  exten- 
sively and  accurately  covered  in  the  literature  [7],  [8]  and  therefore  it 

is  unnecessary  to  repeat  the  methodology  here.  Thus  the  following  paragraphs 
will  concentrate  on  the  characterization  and  specification  of  short  term 
digital  performance  (e.g.,  on  an  hourly  basis),  as  a function  of  the  short 
term  SNR.  This  parameter,  short  term  SNR,  will  be  denoted  throughout  this 
discussion  by  the  symbol,  Yq-  The  Yq  necessary  to  obtain  a specified  short 
term  performance  (here  described  on  the  basis  of  acceptable  outage  rates  and 
^duration)  will  then  be  described  in  unavailability  fashion  (i.e.,  to  be  main- 
tained for  all  but  a certain  percentage  of  time)  and  converted  into  required 
system  gains  for  various  DCS  digital  troposcatter  configurations.  The  per- 
formance criteria  to  be  used  in  these  determinations  are  indicated  in  Table 
VI.  Both  quad  diversity  and  dual  diversity  systems  are  modeled  against  these 
criteria  with  the  most  demanding  criteria  (in  the  long-term  sense)  determining 
link  design  requirements.  Additionally,  since  outage  statistics  are  dependent 
on  the  fade  rate  of  the  transmission  channel,  the  performance  of  both  quad  and 
dual  diversity  systems  will  be  characterized  at  mean  fade  rates  (N)  of  .1  and 
5 Hz.  This  range  of  mean  fade  rates  is  inclusive  of  the  fade  rates  observed 
on  most  L and  C-Band  links  [9]  . The  alphabetical  band  designators  are  meant 
to  descirbe  the  755-985  and  440-5000  MHz  bands,  respectively.  For  links  oper- 
ating in  the  S-Band  (1700-2400  MHz),  the  link  design  requirements  for  L-Band 
systems,  developed  herein,  will  apply. 
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CE  PERFORMANCE  CHARACTERISTICS 


The  short-term  probability  that  the  diversity  combined  signal  in 
a troposcatter  system  will  fall  below  the  10“^  bit  error  rate  threshold, 
can  be  obtained  via  the  methods  of  [9].  This  probability,  P , is  given 
by 


m 

b E 
R=1 


tr^ 


(13) 


where  P^  = probability  of  an  outage  given  a short-term  SNR, 

b = (2Pg)^''^o  = (2  X 10"^)^/^o 

S,  = - In  b 

Yq  = short  term  SNR  (actual  ratio,  not  in  dB) 

m = total  diversity  =ft,  dual  diversity 

(8,  quad  diversity 

The  above  value  for  m is  numerically  twice  the  order  of  explicit  diversity 
due  to  the  presence  of  an  "implicit  diversity"  advantage.  Digital  tropo- 
scatter modems  take  advantage  of  decorrelated  fading  between  various  portions 
of  the  transmitted  spectrum  to  gain  this  additional  diversity  advantage. 

For  most  DCS  troposcatter  paths,  the  expected  implicit  diversity  gain  is 
expected  to  be  on  the  order  of  2,  hence  the  above  values  for  m.  These 
performance  analyses  will  consider  both  dual  and  quad  explicit  diversity. 
Although  quad  diversity  will  continue  to  be  the  dominant  troposcatter  configura- 
tion in  the  DCS,  parallel  transmission  of  two  separate  bit  streams  through 
dual  diversity  could  be  used  to  obtain  the  needed  throughput  in  the  1 and  2 
GHz  bands  where  lack  of  wideband  frequency  allocations  might  otherwise 
prohibit  high  rate  digital  operation. 


The  expression  for  Pq  is  based  on  the  relationship  between  bit-error- 
rate  and  SNR  for  DPSK  modulation.  This  allows  the  expression  of  Pq  in  terms 
of  Yo  which  is  the  parameter  normally  used  in  troposcatter  link  design. 

A conversion  factor  is  provided  later  to  allow  the  finally  derived  link 
design  requirement  to  be  converted  for  any  other  type  of  modulation. 

Figure  9 is  a plot  of  (13)  illustrating  P for  dual  and  quad  diversity 
operation. 


Having  characterized  cumulative  outage  probability,  it  is  now 
appropriate  to  examine  the  temporal  distribution  of  outages.  Again  using 
the  expressions  developed  in  [9],  mean  outage  duration  and  frequency 
statistics  can  be  expressed  for  diversity  troposcatter  transmission  by 


• Mean  Outage  Rate 
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no  = 2.4mNA^/2b 


m 

I 

b*R=2 


„R-1 

TR^ 


where  £,  b and  m are  as  defined  previously  and  N is  defined  as  the  mean 
channel  fade  rate  in  Hz.  Thus  the  Mean-Time-Between-Fade  Outage  (MTBFO) 
for  troposcatter  can  be  expressed  as  1_  . 

’^0 

Further,  knowing  MTBFO  and  Pq,  the  mean  duration  of  an  outage,  t can  be 
expressed  as 

• Mean  Outage  Duration 


^0  " ^0 


MTBFO  . 


The  distribution  of  fades  relative  to  the  mean  can  be  determined  from 
assumptions  of  a narrow  band  Rayleigh  process  and  expressed  in  [10]  as 


P(t)  = I I]  (-^)  • exp  (_  2 j 


where  u = t/tg,  is  the  modified  Bessel  function  of  the  first  order  and 
P(t)  is  the  probability  that  an  outage  will  have  a duration  of  t seconds 
or  less.  Figures  10,  11  and  12  illustrate  the  relationship  of  rin.  tn,  and 
P(t)  to  Yq. 

As  discussed  in  Section  IV, 3, d,  the  Mean-Time-Between-Fade  Outages 
(MTBFO)  with  duration  t-|  t <_  t2  can  be  obtained  by 

MTBFO  (ti,  t2)  = p(?2r-  P(tyr  • (17) 

The  scaling  of  MTBFO  (t-|,  to)  to  give  an  estimate  of  the  number  of  outages 
that  will  occur  during  a call -minute  is  given  by  Eq.  7. 

The  above  discussion  led  to  expressions  for  the  relationship  between 
Yq  and  probability  of  fade  outage  per  call-minute.  This  expression  deter- 
mines the  short  term  SNR  needed  to  meet  the  first  two  performance  require- 
ments of  Table  VI.  Under  certain  conditions  of  Y^  and  mean  channel  fade 
rate,  the  troposcatter  channel  will  fade  rapidly  enough  to  cause  several 
short  fade  outages  per  minute,  hence  the  third  and  fourth  requirements  in 
Table  VI.  The  probability  that  between  two  and  five  fade  outages  will 
occur  during  a minute  and  the  probability  that  greater  than  five  fade  out- 
ages will  occur  during  a minute  can  be  obtained  from  (14)  by  determining 
the  values  of  Yo  for  which 

6(J  “ ~ 6(T  and  no  > ^ . 08) 
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FIGURE  11 
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The  preceding  paragraphs  have  described  expressions  relating  the 
probability  of  the  various  outage  ranges  tabulated  in  Table  VI  to  a 
particular  value  of  Yq.  Since  this  is  in  itself  a time  varying 
parameter,  it  is  characterized  by  a probability  distribution  and  is 
normally  expressed  as  a time  availability.  The  total  probability  of 
occurrence  of  a particular  outage  range  from  Table  VI  is  estimated  by 
the  probability  of  attaining  a particular  Yq  or  worse  multiplied  by  the 
probability  of  outage  occurrence  given  Yq.  Since  the  latter  probability 
is  a steep  function  of  Yq  (see  Figure  11),  the  probability  of  outage 
occurrence  during  a typical  call  holding  time  goes  rapidly  from  a very 
low  value  to  a value  near  unity  over  a small  range  of  Yq-  Thus,  it  is 
assumed  that  the  most  likely  occurrence  of  an  outage  during  a call  results 
from  the  channel  Yo  falling  to  the  level  where  the  probability  of  outage 
occurrence  given  that  level  of  Yq  is  very  nearly  unity.  Based  on  this 
assumption,  values  of  Y©  have  been  chosen,  for  each  of  the  outage  ranges 
of  Table  VI,  which  result  in  a near-unity  probability  of  occurrence  for 
that  outage  range  during  a nominal  call  holding  time  (5  minutes).  These 
values  of  Yq  listed  in  Table  VII.  The  corresponding  time  unavaila- 
bility requirements  (1  minus  time  availability)  are  then  simply  the  out- 
age probability  requirements  of  Table  VI.  Table  VII  thus  represents  a 
set  of  candidate  combinations  of  Yq  and  time  unavailability,  R,  where 
each  combination  satisfies  one  of  the  requirement  statements  of  Table  VI. 
The  overall  requirements  for  each  troposcatter  transmission  configuration 
will  then  be  determined  by  considering  the  long-term  distribution  of  Yq 
to  find  which  of  the  candidate  requirements  of  Table  VII  is  the  most 
demanding. 


The  distribution  of  long-term  variation  in  the  short  term  Yq  is  usu- 
ally described  as  being  log  normal,  i.e. , 


(10  log  Yg^-  10  log  Y)" 


(19) 


where  P (Yq)  is  the  distribution  function  of  Yq,  Yq  is  as  previously  defined, 
Y is  the  long-term  (i.e.,  yearly)  5M  and  a is  the  standard  deviation  of  Yq 
about  Y.  Typical  DCS  paths  exhibit  standard  deviations  between  3 and  6 dB. 
Figure  13  illustrates  the  short  term  Yq  distribution  calculated  from  measured 
data  for  a typical  medium  distance  DCS  troposcatter  link  with  a=  5.6  dB  [11]. 

Based  on  observations  of  the  slope  of  the  long-term  Yq  distribution,  as 
evidenced  in  this  figure  and  the  candidate  Yq  values  tabulated  in  Table  VII, 
it  is  obvious  that  the  most  stringent  long-term  requirements  are  represented 
by  the  Range  V outage  requirement  in  C-Band  and  either  the  Range  II  or  Range 
III  requirement  in  L-Band,  depending  on  the  value  of  a for  a particular  L- 
Band  path.  The  o of  each  L-Band  troposcatter  path  to  be  digitized  should 
be  calculated  to  determine  whether  that  particular  path  should  be  designed 
to  Range  II  or  Range  III  requirements. 


This  subject  will  be  extensively  dealt  with  in  [9];  however,  as  a general 
rule,  for  values  of  a less  than  6 dB,  the  most  stringent  design  require- 
ment is  given  by  the  Range  II  Yq  and  associated  time  unavailability  require- 
ment.  For  most  DCS  L-Band  paths,  it  is  expected  that  the  long-term  SNR 
requirements  for  Range  II  will  dominate  and  therefore  most  DCS  L-Band  digi- 
tal troposcatter  links  will  be  designed  to  satisfy  Range  II  requirements. 

The  resultant  values  of  Yq  and  their  associated  time  unavailabilities, 
selected  from  Table  VII  in  accordance  with  this  rationale,  are  presented 
in  Table  VIII,  Design  of  DCS  digital  troposcatter  links  to  the  require- 
ments tabulated  in  Table  VIII  should  insure  meeting  the  dominant  outage 
probabilities  and  exceeding  all  others. 

The  Yo  requirement  specified  in  Table  VIII  for  L-Band  links  is  nearly 
the  same  for  dual  and  quad  diversity  while,  at  C-Band,  a significant  diver- 
sity advantage  is  apparent.  This  apparently  contradicts  the  normal  expec- 
tation that  increased  diversity  will  always  significantly  reduce  the  required 
Yq.  Nevertheless  the  Yq  values  are  correct.  This  conclusion  stems  from 
choosing  the  most  demanding  link  design  criteria  by  setting  the  probability 
of  occurrence  of  each  of  the  outage  ranges  of  Table  VI  near  unity.  The 
resultant  Yq's  thereby  derived  were  paired  with  their  associated  outage 
probabilities  (as  shown  in  Table  VII).  Then  the  Yq  and  associated  outage 
probability  pairs  are  compared  to  each  other  to  determine  which  of  the  pairs 
will  demand  the  highest  transmitted  power  from  a time  availability  viewpoint. 
The  most  demanding  of  these  pairs  are  then  listed  in  Table  VIII  and  represent 
the  most  demanding  link  design  requirements.  Meeting  of  these  requirements 
for  a particular  L or  C-Band  path  should  assure  that  the  experienced  outage 
probabilities  associated  with  all  outage  ranges  are  less  than  or  equal  to 
that  specified  in  Table  VI.  Although  this  conclusion  apparently  obviates 
the  need  for  quad  diversity  on  L-Band  troposcatter  links,  the  additional 
diversity  is  still  frequently  required  to  reduce  the  expected  range  of 
multipath  spread  and  to  provide  sufficient  equipment  redundancy  to  meet 
equipment-related  availability  requirements. 

The  derivation  of  troposcatter  link  design  criteria  related  above  is 
based  on  the  assumption  that  DPSK  modulation  is  used.  To  remove  this  depend- 
ence on  modulation  technique  and  provide  a translation  to  other  digital  modu- 
lation techniques,  we  will  use  a factor  r which  reoresents  the  ratio  in  dB 
between  the  non-fading  $NR  of  DPSK  at  a BER  of  10~^  and  the  non-fading  $NR 
corresponding  to  a 10"^  BER  for  the  alternate  technique.  This  factor,  r, 
represents  the  incremental  margin  which  must  be  applied  to  the  link  in  order 
to  assure  the  same  performance. 

i.e.,  Yq  = Yq  + F (dB)  (20) 

A 

where  Yq  = SNR  requirement  of  an  alternate  modulation  technique  (dB) 

Yq  = ^NR  requirements  of  Table  VIII  (dB) 

r = Ratio  between  10"^  BER  points  for  DPSK  and  the  alternate  modula- 
tion technique  (dB) 
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On  links  with  little  dispersion  (e.g.,  short  diffraction  paths) 
where  the  maintenance  of  at  least  dual  implicit  diversity  during  periods 
of  high  long-term  path  loss  is  doubtful,  alternate  performance  criteria 
are  required.  These  links  should  be  implemented  in  quad  diversity  and 
^ will  require  a value  of  Yq  that  is  3 dB  less  than  that  specified  in  Table 

‘ ‘ VIII  for  dual  diversity  since  no  implicit  diversity  gain  will  be  achieved 

but  there  will  also  be  no  inband  diversity  power  sharing. 

The  global  reference  circuit  described  in  Section  II,  1 contains  only 
one  troposcatter  link  for  each  600-mile  (965  km)  channel.  In  certain  geo- 
graphical regions,  tandem  troposcatter  links  may  be  used  to  bridge  between 
widely  dispersed  forces.  It  is  thus  of  interest  to  consider  the  expected 
performance  of  a tandem  troposcatter  connection  and,  specifically,  whether 
such  a tandem  connection  is  expected  to  degrade  channel  performance  below 
system  margins.  In  digital  transmission  using  PCM,  channel  performance 
exhibits  a strong  threshold  characteristic  such  that  the  measure  of  channel 
performance  is  essentially  the  percentage  of  time  below  threshold.  There- 
fore, the  effect  of  tandeming  two  links  is,  at  worst,  the  linear  addition 
of  their  times  below  threshold.  Since  the  average  link  requirements  were 
initially  allocated  on  a mileage  basis,  the  tandeming  of  two  troposcatter 
links,  each  of  which  meets  average  system  performance  requirements,  results 
in  a composite  channel  which  also  meets  average  requirements.  The  short 
term  performance  of  two  tandem  channels,  during  a period  with  fading  fre- 
quency that  is  greater  than  the  mean,  may  be  an  even  greater  departure  from 
specified  mean  values  than  either  of  the  individual  channels  due  to  link- 
to-link  correlation,  but  even  in  this  case,  unless  the  fade  margin  and  the 
Yp  of  the  two  channels  is  identical,  the  poorer  of  the  two  channels  on  a 
snort  term  basis  will  dominate  short  term  performance.  Thus,  it  is  not 
expected  to  be  necessary  to  limit  the  tandeming  of  properly  engineered 
digital  troposcatter  links. 

h.  System  Gain  - Troposcatter.  A descriptive  indicator  of  trans- 
mission system  efficiency  is  system  gain.  As  described  in  Section  IV, 3, e 
for  1 ine-of-sight  (LOS)  links,  system  gain  is  the  difference  (in  dB) 
between  the  power  output  of  the  transmitter,  as  present  at  the  antenna 
feed  line(s)  and  the  sensitivity  of  a diversity  receiver  referred  to  its 
interface  with  the  antenna  feeder.  For  troposcatter  links,  receiver 
sensitivity  is  that  average  received  signal  level  (RSL)  required  to  meet 
the  Yq  requirements  specified  in  Table  VIII. 

However,  unlike  LOS,  digitization  of  troposcatter  will  occur  primarily 
through  the  application  of  a troposcatter  modem  [7]  with  little  attention 
given  to  RF  equipment  optimization  beyond  present  levels.  Thus  the  utility 
of  the  system  gain  concept  for  troposcatter  is  related  to  estimates  of 
the  niaximum  data  rate  than  can  be  accommodated  over  a particular  tropo- 
scatter link.  Following  a definition  of  system  gain  as  related  to  tropo- 
scatter, estimates  of  achievable  traffic  cross-section  (in  Mb/s)  for 
typical  DCS  troposcatter  links  will  be  developed  from  existing  DCS  tropo- 
scatter link  data. 
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For  a C or  L-Band  troposcatter  path,  the  required  system  gain  can 
be  expressed  parametrically  as 


Gj  = G (LgpL,  Ltp,  S^,  Gg^, 


(21) 


where 

lbpl 

*-w 

•-tp 


^at»  ^ar 
'■am 


Basic  Path  Loss  as  defined  in  [7]  (dB) 
total  waveguide  loss  (dB) 

power  loss  due  to  signal  processing  at  the  transmitter  (e.g., 
time-gating,  or  filtering  for  broad  banding) 

Yq  requirement  from  Table  VIII  (dB) 

transmitting  and  receiving  antenna  gain,  respectively  (dB) 
aperture  to  medium  coupling  loss  as  defined  in  [7]  (dB). 


ice 

the 


^s  = ‘-fs  ‘-S  (.95,  R)  + + L„  + + Ltp  - (G^t  + G^^  - La„,)  (db)  (22) 

where  Lg  (.95,  R)  represents  the  scatter  loss  not  exceeded  more  than  (100-R) 
percent  of  the  time  computed  at  a service  probability  of  .95,  where  R is  the 
time  unavailability  specified  in  Table  VIII.  Modification  of  G^  to  account 
for  measured  path  loss  data,  where  available,  will  be  accomplished  in  the 
manner  specified  in  [12]  to  aid  in  the  engineering  of  specific  links. 

A selection  of  20  DCS  troposcatter  links  within  the  European/Mediterranean 
area  was  used  to  develop  estimates  of  the  available  system  gain  on  each  of 
these  links  at  each  of  the  data  rates  of  interest  (i.e.,  nominally  6,  9 and 
12  Mb/s).  This  calculation  made  use  of  available  lipk/RF  equipment  data, 
assumed  a 4 dB  implementation  margin  for  the  digital  tropo  modem,  PSK  modu- 
lation and  used  calculated  path  losses.  Additionally,  broadbanding  of  high 
power  amplifiers  results  in  a reduction  of  available  power  output.  This 
reduction  has  been  assumed  to  be  2 dB  at  9 Mb/s  and  6 dB  at  12  Mb/s. 

Estimates  were  also  made  of  the  system  gain  required  for  quad  diversity 
operation  for  each  of  these  1 inks  at  each  data  rate  of  interest  based 
on  the  required  short  term  SNRs  tabulated  in  Table  VIII.  An  estimate  was 
made  of  whether  each  particular  link  has  sufficient  multipath  dispersion 
to  allow  characterization  as  effective  eighth  order  or  whether  a flat  fading 


As  discussed  in  [9],  the  calculation  of  Lg  is  specified  at  a ser 
probability  of  .95.  Since  both  L and  possibly  Lj^™  are  time  variant, 
system  gain  requirement  for  a particular  configuration  is 
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representation  was  appropriate  (as  treated  in  Section  IV, 3, g).  From 
these  estimates,  a parameter  called  excess  system  gain  was  calculated 
for  each  link  which  represents  the  difference,  in  dB,  between  avail- 
able and  required  system  gains  at  3,  6 and  12  Mb/s  (nominal).  Figure 
14  is  a cumulative  distribution  of  the  excess  system  gain,  E,  for  each 
data  rate. 

Clearly,  all  links  in  Figure  14  with  positive  excess  system  gain 
are  suitable  for  the  applicable  data  rate.  A 5 dB  increase  in  system 
gain  is  considered  to  be  practical  and  economical  for  many  links  (e.g., 
through  RF  equipment  upgrade  or  increased  diversity).  Thus,  those 
links  in  Figure  15  with  excess  system  gain  between  0 and  -5  dB  are 
also  considered  to  be  candidates  for  the  applicable  data  rates. 

For  links  with  values  of  E between  -5  dB  and  -8  dB,  system  gain 
improvements  would  result  in  available  system  gains  within  3 dB  of 
that  necessary  to  meet  the  performance  requirements  developed  herein. 
These  links  are  likely  to  provide  a grade  of  service  acceptably  close 
to  "standard  systems"  with  the  most  apparent  indication  of  their 
"substandardness"  evidenced  ty  a greater  cumulative  outage  probability, 
the  increase  being  typically  confined  to  late  afternoon  periods  of  1-3 
hours  where  the  channel  will  be  perceived  as  annoying  but  talkable. 

In  general,  links  with  values  of  E more  than  8 dB  below  the  required 
value  should  be  evaluated  for  re-siting  or,  if  feasible,  replacement 
by  other  transmission  media.  (However,  links  in  the  latter  category 
are  normally  already  substandard.  Due  to  the  implicit  diversity 
advantage  of  digital  troposcatter  coupled  with  the  threshold  behavior 
of  PCM,  digitization  of  troposcatter  links  should  always  result  in 
perceived  channel  quality  superior  to  that  of  the  replaced  analog 
channels) . 

From  Figure  14,  at  6 Mb/s,  approximately  50%  of  all  links  have 
positive  excess  system  gain,  another  10%  have  excess  system  gain 
greater  than  -5  dB  and  70%  have  excess  system  gain  greater  than  -8 
dB.  At  12  Mb/s,  the  corresponding  percentages  are  25%,  40%  and  50%, 
respectively.  The  criteria  for  Figure  14  were  developed  from  the  fade 
margin  considerations  of  Section  IV, 3, g.  It  is  considered  likely  that 
experience  and  testing  will  lead  to  a minor  moderation  of  these  fade 
margin  estimates  which  will  allow  the  inclusion  of  greater  percentages 
of  links  in  the  region  of  acceptable  excess  system  gain.  However, 
host  country  frequency  allocation  limitations  constitute  another  im- 
portant bit  rate  limitation  on  troposcatter  links.  It  is  felt  that 
a transmission  rate  of  6 Mb/s  (nominal)  should  be  considered  the 
normal  capacity  of  DCS  troposcatter  links  with  exceptions  being  possi- 
ble where  both  the  link  design  and  suitable  frequency  allocations  are 
available. 
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FIGURE  14.  DISTRIBUTION  OF  TROPOSCATTER  LINK  EXCESS  SYSTEM  GAIN 
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i.  Error-Free  Blocks  - Troposcatter.  The  concept  of  error-free 
blocks  attempts  to  provide  a data  customer  with  an  indication  of  trans- 
mission quality  which  relates  to  the  efficiency  of  his  data  system. 

The  specified  requirement  for  the  probability  of  receiving  a 1000-bit 
data  block  in  error  for  the  reference  troposcatter  hop  is  2.5  • 10"^. 

As  discussed  in  Section  IV, 3, f,  the  probability  of  receiving  a data 
block  of  n bits  duration  with  at  least  one  error  is  very  nearly  given 
by  the  probability  that  the  bit  error  rate  is  1/n  or  worse.  Thus,  from 
equation  (13) 
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Since  Yq  is  a time  varying  parameter,  it  is  characterized  by  a probability 
distribution  and  normally  expressed  as  a time  availability.  The  total 
probability  of  occurrence  of  an  error  block  is  determined  by  the  proba- 
bility of  attaining  a particular  Yq  or  worse  multiplied  by  the  probability 
of  outage  occurrence  given  Y-.  Since  the  latter  probability  is  a steep 
function  of  Yq  (see  Figure  15),  the  probability  of  an  error  block  goes 
rapidly  from  a very  low  value  to  a value  near  unity  over  a small  range 
of  Yq.  Thus,  it  is  assumed  that  the  most  likely  occurrence  of  a block 
error  results  from  the  channel  Yq  falling  to  the  level  where  the  proba- 
bility of  outage  occurrence  given  that  level  of  Yq  is  very  nearly  unity. 

p(BE)  jP(BEh„)P(y„)  (24) 

where  P(BE]Yq)  = 1 . 

For  a typical  block  of  10^  bits.  Figure  15  illustrates  the  distribu- 
tion of  block  error  probability  given  Y^  as  a function  of  Yq.  Note  that, 
just  as  with  1 ine-of-sight,  the  SNR  unavailability  requirements  developed 
earlier  for  voice  channel  performance  will  assure  a significantly  greater 
overall  error-free  block  probability  than  the  required  2.5  • 10"^.  Thus, 
as  with  1 ine-of-sight  links,  the  fade-margin  requirements  for  voice  chan- 
nels are  more  demanding  than  those  for  data  channels. 


j.  Bit  Count  Integrity  and  Loss  of  Frame  Synchronization.  Section 
IV, 3, b stated  the  requirements  that  not  more  than  one  in  ten  line-of- 
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FIGURE  15.  TROPOSCATTER  LINK  BLOCK  ERROR  PROBABILITY 


sight  fades  nor  one  in  a hundred  troposcatter  fades  result  in  a loss 
of  BCI.  Losses  of  bit  count  integrity  (BCI)  may  occur  due  to  one  of 
the  following  four  causes: 

(1)  Loss  of  phase  lock  in  receiver  bit  timing  recovery  loops. 
When  the  received  signal  undergoes  a deep  fade,  the 
recovery  loops  become  noisy.  At  some  depth  of  fade 
which  is  a function  of  these  loop  bandwidths,  the  carrier 
recovery  loop  will  break  lock  and  the  receiver  timing 
output  signal  will  drift  away  from  the  correct  frequency. 
When  this  drift  is  sufficient  to  insert  an  extra  timing 
pulse,  or  delete  a timing  pulse  from  the  receiver  timing 
output,  bit  count  integrity  of  the  data  stream  is  lost 
because  the  recovered  timing  signal  is  used  to  sample  the 
data  stream,  creating  an  extra  bit  or  deleting  a bit  when 
an  extra  pulse  or  a loss  of  pulse  occurs  on  the  timing 
line.  The  frequency  of  such  occurrences  can  be  minimized 
by  designing  sufficiently  narrow  carrier  and  timing  re- 
covery loop  bandwidth,  and  by  implementing  the  timing 
loop  with  memory  (2nd  order  loop)  so  that  it  does  not 
quickly  drift  in  frequency  when  the  input  signal  is  lost. 

A typical  receiver  will  hold  timing  recovery  lock  down 
to  15-20  dB  below  the  signal  level  corresponding  to  10”^ 
bit  error  probability.  From  Section  IV, 3, d,  equation 
(6),  the  mean-time-between-fade  outage  for  LOS  links  is 
given  by 

MTBFO  = k • loO-''^''  (25) 


where  k is  a constant  for  a given  RF  path  and  F is  the 
fade  depth  in  dB.  Thus,  for  a 10"^  outage  threshold  and 
a receiver  which  will  hold  lock  15  dB  below  this  threshold, 
the  fraction  of  total  LOS  outages  which  will  incur  a loss 
of  BCI  due  to  timing  recovery  loss  is 
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.006  or  0.6%. 


For  troposcatter  fades,  the  troposcatter  modem  typically 
uses  highly  stable  oscillators  which  will  retain  BCI  through 
a moderate  length  fade,  independent  of  fade  depth.  Thus, 
the  expected  fraction  of  troposcatter  fades  in  which  BCI 
is  lost  due  to  bit  timing  clock  slips  is  trivial. 

(2)  Transmission  errors  in  asynchronous  multiplexer  pulse  stuf- 
fing control  words.  The  DCS  digital  transmission  system 
will  be  initially  implemented  with  asynchronous  pulse- 
stuffing 2nd-level  multiplexers  to  accommodate  unsynchron- 
ized 1.544  Mb/s  data  streams.  These  multiplexers  transmit 
control  words  from  the  multiplexer  to  the  demultiplexer 
to  indicate  whether  or  not  a bit  has  been  stuffed.  If  an 
error  occurs  in  the  transmission  of  one  of  these  words, 
the  demultiplexer  will  incorrectly  add  or  delete  a bit 


from  the  data  stream,  hence  causing  a loss  of  bit 
count  integrity.  The  percentage  of  fade  outages  in  which 
BCI  is  lost  due  to  the  stuff  control  word  errors  is  de- 
termined by  the  coding  redundancy  of  the  control  word. 

It  is  desired  to  estimate  the  percentage  of  fade  outages 
in  which  one  or  more  stuff  code  errors  occurs.  The  normal 
information  available  to  describe  a fading  channel  is 
its  distribution  function  which  describes  the  percentage 
of  time  that  the  received  signal  is  at  or  below  a given 
level.  It  is  possible,  with  this  information,  using  the 
methods  of  reference  [5]  to  calculate  the  mean  time 
between  stuff  word  errors.  In  order  to  determine  how 
these  stuff  word  errors  are  grouped  during  fades,  further 
manipulation  is  necessary.  From  [6],  the  mean  probabil- 
ity of  stuff  word  error  is  given  by 


where  n = the  length  of  the  stuff  control  word 
p = probability  of  bit  error 
p(p)  = probability  density  function  of  p derived 
from  the  fading  channel  model. 

Using  equation  (26)  it  is  possible  to  obtain  the  total 
expected  probability  of  stuff  word  error  for  a given  fade 
margin.  The  mean  time  between  stuff  word  error  is  given 
by 

MTBSWE  = (sec)  (27) 

' P(SWE) 

where  Rs  = the  stuff  rate  in  Hz. 

To  determine  how  these  errors  are  distributed  in  fades, 
the  conditional  probability  of  stuff  word  errors,  given  a 
fade  to  a given  level  or  below  is  calculated  from 

P(SWE/FI  = P(SWE/F)  = (28) 

where  P(SWE/F)  = the  mean  probability  of  a stuff  word  error 
given  a fade  of  F dB  or  greater 
P(F)  = probability  of  a fade  of  F dB  or  greater 
= (Pq  from  Section  IV, 3, d,  equation  (1)). 
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The  expected  number  of  errors  per  fade  can  now  be  obtained 
from 


E(SWE/fade)  - P(SWE/F)  x Rg  x to  (29) 

where  P(SWE/F)  and  Rg  are  as  previously  defined  and  to  is 
obtained  from  Section  IV, 3, d,  equation  (3).  For  a period, 
T,  the  total  number  of  stuff  word  errors  which  occur  for 
any  given  level  of  fade  can  be  computed  from 

Nf  = Jjgpjy  X E(SWE/fade)  (30) 

where  Np  = number  of  stuff  word  errors  occurring  during 
fades  of  depth  F or  below  during  the  time  T.  Table  IX 
summarizes  the  expected  number  of  stuff  word  errors  on 
a dual  diversity  LOS  channel  with  32  dB  fade  margin  as 
a function  of  fade  depth  for  a 9-bit  stuff  control  word 
and  a 2700  stuff  per  second  stuff  rate  during  a 10^  second 
period. 


TABLE  IX. 

STUFF  WORD 

ERRORS  AS  A FUNCTION 

OF  FADE  DEPTH 

No.  of 

No.  Stuff  Word 

Fades  in 

Error  in  Period 

Fade  Depth 

Period 

E(SWE/fade) 

in  Fades  at  F or  be 

32 

625 

4.37 

2730 

35 

227 

12 

2724 

40 

40 

68 

2720 

45 

7 

385 

2695 

50 

1 

1900 

1900 

Table  IX  shows  that  all  but  about  35  errors  out  of  a total 
of  2730  occur  during  the  7 fades  below  45  dB.  Most  of  the 
remaining  errors  occur  during  the  33  fades  below  40  dB 
but  not  below  45  dB.  Thus,  of  the  625  outages,  at  worst, 
about  42  of  these,  or  6.7%  cause  a stuff  word  error  for  a 
9-bit  code.  Based  on  this  result,  a 9-bit  stuff  code  is 
required  to  meet  the  10%  requirement  stated  at  the  begin- 
ning of  this  section. 

Table  IX  and  the  resulting  percentage  of  fades  which 
experience  loss  of  BCI  are  typical  of  1 ine-of-sight  links. 
For  troposcatter  links,  the  percentaci  of  all  fade  outages 
(below  10”^  bit  error  probability)  which  fall  an  additional 
8 dB  below  the  fade  outage  threshold  (e.g.,  the  40  dB  fades 
in  Table  IX)  is  smaller  than  that  percentage  for  1 ine-of- 
sight  channels  since  the  additional  diversity  of  the  tropo- 
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scatter  channel  flattens  the  fading  distribution.  In 
addition,  the  length  of  troposcatter  fades  decreases 
much  more  rapidly  as  fade  depth  increases  than  does 
the  LOS  fade  length.  This  is  also  due  to  the  higher 
order  of  diversity.  Thus,  the  percentage  of  all  tropo- 
scatter fade  outages  which  experience  a loss  of  BCI 
is  much  smaller  than  for  LOS. 

(3)  Unnecessary  resynchronization  searches  by  multiplexers. 
Time  division  multiplexers  transmit  a frame  code  in 
every  frame  to  maintain  the  demultiplexer  in  synchron- 
ism with  its  corresponding  multiplexer.  A frame  detec- 
tion circuit  is  used  to  find  and  lock  to  this  frame 
code.  The  detection  circuitry  makes  an  "in-frame/ 
out-of- frame"  decision  based  on  the  ratio  of  correct 
to  incorrect  frame  bits  received  in  a unit  of  time,  on 
the  assumption  that  such  a high  error  rate  must  have 
been  caused  by  incorrect  frame  alignment.  When  a high 
rate  of  transmission  error  occurs,  the  frame  detection 
circuitry  may  conclude  that  fraitx’  synchronization  has  been 
lost  when,  in  fact,  it  has  not.  flost  multiplexers  impose 
a fairly  stringent  criterion  on  how  they  reach  the  con- 
clusion that  frame  sync  has  been  lost,  but  when  this  con- 
clusion is  reached,  they  undertake  a frame  search.  The 
frame  search  involves  sequentially  stepping  through  each 
bit  position  in  the  frame,  testing  to  see  whether  the 
data  in  that  position  meets  the  frame  code  criterion. 

Such  a search  will  cause  a loss  of  bit  count  integrity 
even  if  the  loss  of  BCI  did  not  previously  exist.  Since 
an  actual  loss  of  frame  is  preceded  by  a loss  of  BCI, 
both  of  which  are  simultaneously  corrected  by  resynchron- 
ization, and  since  the  effect  of  a perceived  loss  of 
frame  in  a high  error  environment  is  to  precipitate  a 
loss  of  BCI,  the  specification  of  a mean  time  to  loss 
of  frame  synchronization  should  be  handled  as  a part  of 
the  specification  for  BCI. 

The  frame  sync  code  is  perturbed  by  the  same  mechanism 
as  the  stuff  code  described  in  the  preceding  section.  The 
probability  of  a declaration  of  out-of-sync,  for  equal 
frame  and  stuff  code  word  error  probabilities  is  related 
by 


where  P(OOF)  is  the  probability  of  an  out-of-frame  declara- 
tion and  Re  and  R5  are  the  frame  and  stuff  rates,  respec- 
tively. Thus,  for  an  out-of-frame  probability  equal  to  the 
probability  of  stuff  code  error,  the  frame  code  must  result 


in  a word  error  probability  that  is  Rp/Rc  higher  than 
the  stuff  code  word  error  probability.  A typical  value 
of  Rf/Rs  for  a Level  2 TDM  multiplexer  is  10  and  for  a 
Level  1 PCM  multiplexer  is  1 (i.e.,  the  ratio  of  Rr  for 
the  Level  1 PCM  multiplexer  to  R^  for  the  Level  2 TDM 
multiplexer).  Thus,  the  Level  1 PCM  multiplexer  should 
use  a frame  code  criterion  equal  to  the  9-bit  stuff  code 
criterion,  i.e.,  5 or  more  erroneous  bits  out  of  9 trans- 
mitted bits  for  OOF  declaration.  The  Level  2 TDM  multi- 
plexer should  use  a criterion  resulting  in  a frame  code 
word  error  probability  approximately  10  times  more  strin- 
gent than  the  above,  for  example  4 or  less  erroneous  bits 
out  of  9 transmitted  bits. 

(4)  Switching  between  unsynchronized  redundant  units.  Redun- 
dancy is  required  in  many  equipments  of  the  digital  trans- 
mission system  to  provide  the  required  level  of  system 
availability.  Switching  between  redundant  units  may  occur 
due  to  failures  or  may  be  manually  initiated  as  a fault 
isolation  technique.  If  redundancy  is  not  implemented 
with  mutually  coordinated  framing,  such  switching  will 
introduce  a loss  of  bit  count  integrity.  Frame  and  bit 
synchronization  between  parallel  redundant  equipment  is 
required  in  DCS  systems.  This  not  only  prevents  loss  of 
BCI  when  equipment  fails  but  it  also  allows  tech  control 
personnel  to  manually  switch  between  redundant  equipments 
during  fault  isolation  procedures  without  causing  loss  of 
BCI. 

k.  Transmitted  RF  Bandwidth.  Frequency  assignments  in  the  over- 
seas DCS  depend  on  the  approval  of  host  nation  frequency  allocation 
boards.  Such  approval  extends  not  only  to  the  assignment  of  a specific 
authorized  band  but  also  to  the  amount  of  incidentally  radiated  power 
which  falls  outside  the  band.  Currently,  most  DCS  frequency  allocations 
require  that  99%  of  a transmitter's  radiated  emission  fall  within  the 
assigned  bandwidth.  No  firm  rules  for  out-of-band  radiation  for  digital 
systems  have  yet  been  developed  in  CCIR  deliberations  or  in  any  similar 
international  forum.  DCS  equipments  must  be  built  to  a standard  which 
will  be  accepted  by  all  host  nations.  The  FCC  has  formulated  a rule  for 
US  domestic  digital  applications  pS].  This  rule  is  specified  in  the 
current  System  Specification  (Appendix  A)  for  line-of-sight  radio  equip- 
ment and  the  AN/FRC-163  U.S.  Army  Project  Digital  Radio  and  Multiplex 
Acquisition  (DRAMA)  Procurement  radio  specification. 

The  FCC  Docket  19311  rule  imposes  the  need  for  a relatively  complex 
transmitter  implementation,  requiring  either  a very  high-Q  RF  filter 
or  a very  linear  power  amplifier  in  order  to  meet  both  the  power  output 
and  RF  bandwidth  requirements.  This  requirement  has  greater  impact  on 
intended  government  applications  than  on  most  commercial  applications 
since  the  government  requirements  are  for  narrower  total  authorized 
bandwidth,  hence  higher  required  filter  Q.  In  view  of  the  absence  of 
firm  foreign  government  emission  standards  for  digital  systems,  the  FCC 


Docket  19311  requirement  for  DCS  systems  should  be  considered  tenta- 
tive until  testing  of  the  AN/FRC-163  DRAMA  radio  has  clarified  the 
potential  cost  and  risk  impact  of  the  Docket  19311  requirement  on  DCS 
equipment. 

For  troposcatter  equipments,  RF  signal  structures  are  required 
which  are  adapted  to  channel  dispersion.  The  current  state-of-the-art 
for  such  signal  structures  prohibits  meeting  the  FCC  Docket  19311  re- 
quirement by  a significant  margin.  In  addition,  the  required  radiated 
power  on  troposcatter  links  makes  the  necessary  methods  of  spectrum 
conservation  at  troposcatter  sites  somewhat  different  than  those  of 
line-of-sight.  The  troposcatter  transmitter  power  output  is  high 
enough  in  most  cases,  so  that  receiver  selectivity  is  not  sufficient 
to  allow  adjacent  channel  use  even  if  no  power  is  radiated  outside 
the  assigned  band  (i.e.,  the  legally  radiating  carrier  signal  would 
be  insufficiently  attenuated  by  receiver  selectivity  on  the  adjacent 
channel).  Thus,  it  is  customary  to  specify  radiated  power  in  the 
adjacent  channels  for  troposcatter  transmission  in  terms  of  the  99% 
power  bandwidth,  as  contained  in  the  System  Specification^  and  to 
specify  ultimate  attenuation  requirements  (i.e.,  far  from  the  carrier) 
in  terms  of  the  MIL-STD-461  requirement. 

1.  Multiplexer  Output  Phase  Slewing.  The  output  clock  rate  of 
an  asynchronous  multiplexer  contains  short  term  variations  due  to  the 
timing  discontinuity  occurring  when  a stuffed  pulse  is  deleted.  These 
variations  are  minimized  by  a low  pass  filter  in  the  demultiplexer 
clock  recovery  loop  which  smooths  the  effect  of  the  discontinuity  over 
many  bits.  The  combined  effect  of  this  periodic  destuffing  and  sub- 
sequent smoothing  results  in  an  output  timing  rate  which  oscillates 
above  and  below  the  average  rate  with  an  average  period  equal  to  the 
average  stuff  rate.  During  periods  when  the  instantaneous  frequency 
is  above  the  long-term  average,  the  phase  of  the  output  clock  mono- 
tonically  increases  relative  to  the  phase  of  a stable  clock  at  the 
average  rate.  Similarly,  when  the  instantaneous  frequency  is  below 
the  average,  the  relative  phase  monotonically  decreases.  These  phase 
ramps,  if  excessive,  present  a problem  to  the  phase  lock  timing  recovery 
loops  of  interfacing  equipments.  If  the  output  signal  phase  ramp  rate 
exceeds  the  loop  response  rate  continuously  for  a period  long  enough 
to  accumulate  a 90o  phase  difference,  the  timing  recovery  loop  will 
breakjock.  The  measure  of  such  phase  slewing  is  the  peak  relative 
phase  excursion  (i.e.,  change  in  phase  difference  between  the  fluctu- 
ating output  signal  and  a stable  reference  signal)  that  occurs  over 
a specified  period  of  time.  The  values  for  this  parameter  specified 
in  the  System  Specification  (Appendix  A)  were  obtained  from  preliminary 
testing  performed  at  RADC  on  typical  timing  recovery  bardwidths.  DCEC 
is  currently  embarking  on  a detailed  study  effort  to  validate  these  pre- 
liminary specification  values  and  to  develop  equipment  cost  sensitivity 
data  on  this  parameter. 
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V.  FUTURE  STUDY  ACTIVITIES 


Future  study  activities  during  the  next  year  are  expected  to 
I address  the  definition  of  the  detailed  parameters  of  the  Transmission 

[ Status  Monitoring  and  Control  Subsystem  (see  the  System  Specification,  H 

j paragraph  3.1.1.3.10).  This  study  will  determine  the  necessary  connectivity 

I of  data  flow  for  status  monitoring  and  remote  control  purposes,  the 

I required  framing  and  bit  rate  allocations  for  the  telemetry  channel,  the 

\ j method  of  passing  necessary  data  through  intermediate  stations,  and 

. requirements  for  subsystem  response  time. 

[ j.  Another  area  of  study  is  the  specific  buffering,  submultiplexing, 

[ modems,  timing  distribution  and  patch  and  test  capabilities  needed  to 

[ implement  the  16  Kb/s  transmission  needed  in  the  DCS  transmission  plant 

I for  the  AUTOSEVOCOM  II  Network.  This  study  will  consider  problems 

associated  with  a mixed  media  plant  composed  of  DCS  terrestrial  digital  ^ 

channels,  DSCS  digital  channels,  DCS  analog  channels  and  leased  commercial  ’ 

channels.  ] 

Verifications  of  the  design  criteria  for  digital  troposcatter  links  ] 

will  be  addressed  via  system  testing  of  various  user  services.  Based  j 

on  this  effort,  further  refinement  of  the  design  criteria  contained  i 

herein  may  occur  along  with  the  development  of  implementation  guidelines 
for  DCS  digital  troposcatter  transmission  facilities. 

Specific  recoimendations  regarding  the  implementation  of  synchronous 
network  timing  control  are  expected  to  be  developed  in  the  coming  year. 

Also,  the  desirability  of  implementing  coordinated  resynchronization 
I control  among  multiplexers  in  dispersed  locations  will  be  addressed. 

Concepts  have  been  advanced  for  implementing  remotely  controlled 
channel  patching  via  an  electronic  channel  reassignment  unit.  The  applica 
bility  and  desirability  of  such  a concept  for  DCS  applications  will  be 
studied. 

Specifications  will  be  developed  for  the  accumulation  of  phase  jitter 
(particularly  phase  slewing  jitter)  through  multiple  tandem  connections. 
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APPENDIX  A 

DCS  TERRESTRIAL 
DIGITAL  TRANSMISSION 
SYSTEM  SPECIFICATION 


1.C  GENERAL 


t 


3: 


This  specification  is  intended  to  document  the  confi 
functions  and  performance  parameters  of  terrestrial 
transmission  facilities.  Its  purpose  is  to  provide 
the  departments  and  agencies  responsible  for  the  des 
development,  test,  installation,  and  operation  of  th 
to  document  design  decisions  reached  to  date.  This 
specification  will  become  a coordinated  DoD  document 
continue  to  be  updated  as  more  detailed  and  refined 
engineering  becomes  available  and  as  the  impact  on  t 
the  system  of  equipment  development  programs  becomes 
The  relationship  between  the  terrestrial  digital  por 
DCS  described  herein  and  the  Defense  Satellite  Commu 
System  (DSCS)  is  discussed  in  TH  12-76,  DCS  Digital 
System  Performance, 

1,1  MISSION 


guratious, 
digital  DCS 
guidance  to 
ign, 

e system  and 
system 
, and  will 
system 

he  design  of 
apparent, 
tions  of  the 
nications 
Transmission 


The  mission  of  the  Terrestrial  Digital  Transmission  System  shall 
be  to  provide  built  encrypted,  high  quality,  high  availability 
transmission  of  communications  throughout  the  Defense 
Communications  System.  The  system  will  be  oriented  to  digital 
transmission,  and  be  capable  of  transitioning  from  the  analog 
systems  currently  in  use  to  the  digital  system  described  in  the 
DCA  Long  Range  Plan. 
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STANDARDS 

MIL-STD-13C  Itl ent  if  icatioa  Marking  of  US  Military  Property 
MIL-STD- 180- Cowmen  Long  Haul  and  Tactical 

Coannunicat ions  System  Technical  Standards 
Pack,  Electrical  Eguipment,  19-inch  and 
Associated  Panels 

Standard  general  Requirements  for  Electronic 
Equ ipment 

Electromagnetic  Interference  Characteristics, 
Requirements  for  Equipment 

Electromagnetic  Interference  Characteristics, 
Measurement  of 

Definitions  and  System  of  Units, 

Electromagnetic  Interference  Technology 
Maintainability  Verification/ Demonstration/ 
Evaluation 

Reliability  Test:  Exponential  Distribution 

Environmental  Test  Methods 
Human  Engineering  Design  Criteria  for  Military 
Systems,  Equipment,  and  Facilities 


MIL-STD-  189 

HIL-STD-U5U 

MIL-STD-a61 

«lL-STD-a62 

MIL-STD- U53 

MIL-STD-U71 

MIL-3ID-781 
MIL-STD-8 1C 
MIL-STD- 1U72 


PFOrOSED 

MTL-5TD- 188- 1 1 a Electrical  Characteristics  of  Digital 
■"'Interface  Circuits 


3.  REQUIREMENTS 

3.  1 SYSTEM  DEFINITION 

3.1.1  SENERAL  DESCPIPTION 

The?  Terrestrial  Digital  Transmission  System,  herein  after  called 
”the  system"  shall  consist  of  those  equipments  which,  when 
combined  with  the  necessary  faci-lrities,  personnel,  and  support# 
furnish  high  quality  multichannel  digital  communications  via 
1 ine-of-sight  (LOS)  and  tropospheric  scatter  (tropo)  radio  paths 
between  terrestrial  installations.  The  "communications  services  to 
be  provided  by  the  system  shall  includ  but  not  be  limited  to, 
analog  voice,  secure  digiti::ed  voice,  digital  data  at  standard 
rates,  quasianalog  signals,  facsimile,  imagery,  and  special 
digital  services  at  rates  up  to  approximately  12.9  Mb/s. 

3. 1.1.1  FUNCTIONS 

The  functions  to  be  performed  by  the  system  shall  include; 

a.  Analog/d ig itd 1 conversion  of  nominal  u kHz  analog  signals 

b.  Digital  mu..tiplexing  and  supervisory  signalling 

c.  Digital  radio  transmission  and  reception 

d.  Bulk  encryption 
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e.  Transmission  system  status  monitoring,  control 
and  restoral 

3.  1.1.2  channel  SEKVICRS 

The  system  shall  proviJ-*  the  following  channel  services  to  the 
DCS; 

a.  Analog  u kHz  channels  - nominal  a kHz  voice  bandwidth 
channels  in  accordance  with  4.4. 3,2  of  KIL-STD- 188- ICO  plus 
associated  E&f*  supervisory  signalling,  for  the  transmission  of 
clear  voice,  quasianalog  data,  facsimile  and  all  other  services 
intended  for  usage  via  nominal  4 kHz  VF  channels. 

b.  50  kb/s  asynchronous  data  - transmission  of  a serial 
digital  bit  stream  at  a rate  of  50  kb/s  plus  or  minus  12.5  b/s 
with  timing  nctj^  synchronized  to  the  system  timing. 

c.  1bOCCx2^  synchronous  data  - transmission  of  a serial 
digital  bit  stream  at  rates  of  16  kb/s,  32  kb/s,  56  kb/s,  64 
kb/s,  128  kb/s,  256  kb/s  and  512  kb/s  with  timing  synchronized  to 
the  system  timing. 

d.  Wideband  data  - transmission  of  a serial  digital  bit 
stream  at  nominal  rates  of  1.544,  3.C88  and  6.175  Eb/s  with 
timing  either  synchronized  or  not  synchronized  to  the  system 
timing  and  at  rates  of  approximately  9.5  and  12.6  Mb/s  (to  be 
determined  during  equipment  design  phase)  with  timing 
synchronized  to  that  of  the  digital  radio  terminal, 

e.  Low  speed  data  - transmission  of  a serial  digital  bit 
scream  at  rates  of  75x2^  b/s  from  75  to  960C  with  timing 
synchronized  to  the  system  timing,  at  asynchronous  rates  of  45,5, 
5D  and  74,2  b/s  and  at  isochronous  rates  of  37,5,  56.8,  61,1  and 
75  b/s. 

3. 1.1.3  FUNCTIONAL  ELEMENTS 


The  system  shall  be  composed  of  the  following  functional  elements 
(See  Fig  A-1) ; 


a . 

b. 

c . 

d. 

e . 

f . 

g* 

h. 

i . 
j- 

k . 

l. 


Level 

Level 

Level 

Level 


1 pulse  code  modulation  (PCM)  multiplexer 

2 time  division  multiplexer  (TDM) 

A 16CCCx2^  TDM  submultiplexer 
P low/mediura  speed  TDM  submultiplexer 

Service  channel  multiplexer 
Service  channel  terminal 
Digital  radio  set 
Clock  and  timing  subsystem 
Pulk  encryption 

Transmission  status  monitoring  and  control  (TSMC) 
Patch  and  test 

Station  and  facilities  support 


The  basic  function  of  each  functional  element  shall  be  as 
described  below. 


/3.0SS/6.176  MB/S 
CHANNEL 


FIGURE  A-1  . DIGITAL-TRANSMISSION  SYSTEM  FUNCTIONAL  BLOCK  DIAGRAM 
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3.  1.1. 3.1  LEVEL  1 PCM  MULTIPLEXER 

The  Level  1 PCM  multiplexer  shall  process  2«  voice  channels  into 
a combined  digital  bit  stream  using  64  kb/s  PCM,  The  bit  rate  of 
the  combined  digital  stream  (digroup)  shall  be  1,54a  Mb/s.  The 
PCM  analog-to-digital  conversion,  the  multiplexing  and  the 
overhead  format  of  this  digroup  shall  be  compatible  with  either 
the  Western  Electric  C2  or  D3  PCM  multiplexers  on  an  end-to-end 
basis.  It  shall  be  possible  tc  replace  up  to  12  of  the  voice 
channels  in  each  digroup  with  digital  data  channels  of  any  of  the 
following  types: 

a.  50  kb/s  asynchronous  - 50  kb/s  clocked  by  source. 

b.  56  or  64  kb/s  synchronous  - clocked  by  PCM  multiplexer. 

c.  12fi,  256  or  512  kb/s  synchronous  - clocked  by  PCM 
multiplexer. 

d.  0-20  kb/s  asynchronous  - no  associated  clock  (to  be 
transmitted  by  transitional  encoding  or  an  eguivalent  technique) . 

Each  channel  of  each  of  the  above  data  sources  except  (c)  shall 
displace  one  voice  channel.  Each  128,  256  or  512  kb/s  data 
channel  shall  displace  two,  four  or  eight  voice  channels, 
respectively.  Conversion  of  any  voice  channel  to  any  of  the 
above  data  channel  capabilities  shall  require  only  replacement  of 
channel  related  cards  or  modules.  Each  voice  channel  of  the  PCM 
multiplexer  shall  be  equipped  with  an  E and  M supervisory 
signalling  capability. 

3. 1.1. 3.2  LEVEL  2 TIME  DiVISICN  MULTIPLEXER 

The  Level  2 '’’DM  multiplexer  shall  combine/deccmbine  from  two  tc 
eight  nominal  1.544  Mb/s  digital  bit  streams  (digroups)  into  a 
single  combined  bit  stream.  The  single  digital  bit  stream  at  the 
combined  side  of  the  TDM  shall  be  at  rates  which  correspond  to  2, 
a,  5 or  8 digroups  plus  necessary  overhead.  The  rates  for  w,  6 
and  8 digroups  shall  be  2,  3 and  a times  the  rate  for  two 
digroups,  respectively.  For  configurations  in  which  1,  3,  5,  or 
7 digroups  are  input  to  the  TDM,  the  rate  of  the  next  higher  even 
number  of  digroups  shall  te  used.  The  TDM  shall  accept  digroups 
whose  timing  is  either  synchronous  or  asynchronous  with  respect 
to  the  TDM  timing.  Asynchronous  digroups  shall  have  an  input  bit 
rate  tolerance  of  plus  or  minus  200  b/s  and  shall  be  transmitted 
using  pulse  stuffing  techniques.  Synchronous  digroups  shall  be 
transmitted  without  pulse  stuffing.  The  TDM  shall  also  accept  a 
single  3.088  Mb/s  plus  or  minus  400  t/s  bit  stream  in  place  of 
two  digroups  or  a 6,175  Mb/s  plus  or  minus  60C  b/s  bit  stream  in 
place  of  four  digroups.  The  3,08d  Mb/s  and  6.176  Md/s  bic 
streams  shall  be  capable  of  transmission  in  either  the 
synchronous  or  asynchronous  mode. 

3. 1.1. 3. 3 LEVEL  A 16000x2*^  TDM  SUBMULTIPLEXER 

The  16000x2^  digital  sub  multiplexer  shall  combine  three  1b  kb/s 


i 


synchronous  digital  bit  streams  plus  a suitable  overhead  bit 
stream  into  a single  36  kb/s  digital  bit  stream  or  shall  combine 
seven  16  Kb/s  or  three  32  kb/s  synchronous  digital  bit  streams 
[ plus  a suitable  overhead  bit  stream  into  a single  128  kb/s 

digital  bit  stream.  The  overhead  bit  streams  shall,  in  each 
case,  be  an  800CN  b/s  bit  stream,  synchronous  with,  the  traffic 
bit  streams  and  shall  be  formatted  in  accordance  with  the 
AN/TTC-39  switch  overhead  channel  requirements  as  specified  in 
TT-B  1- 1 101-000 1,  Performance  Specification,  Central  Office 
Communications,  AN/TTC-39  ( ) (V).  The  16000x2^  submultiplexing 
function  shall  interface  on  its  combined  side  with  the  56  kb/s 
and  the  128  kb/s  data  input/output  ports  of  the  1st  level  PCM 
multiplexer.  The  7 channel,  128  kb/s  submultiplexer  function  may 
be  implemented  by  circuitry  internal  to  the  AN/TTC-39  switch,  by 
a channel  reassignment  unit  similar  to  that  used  in  the 
AN/GSQ-111  Communications  Nodal  Central  Element,  or  by  a separate 
1600^x2^  TDM  submultiplexer. 

3.1.  1.3.4  LEVEL  3 LOW/MECIUM  SPEED  TDM  SUBMULTIPLEXER 

The  Level  B Icw/medium  speed  TDM  submultiplexer  shall  combine 
appropriate  numbers  of  digital  data  channels  at  rates  of  75  x 2 

(N=0,  1,  ....’’)  b/s  and  37.  5,  45.5,  50  5C,  56.8,  61.1  and  74.2  \ 

b/s  into  combined  bit  streams  at  10,  55  or  64  kb/s,  suitable  for 
interface  with  the  56  or  64  kb/s  data  channels  of  the  1st  level 
PCM  multiplexer  or  one  channel  of  the  16000x2^  TDM 
submultiplexer.  The  low/medium  speed  TDM  submultiplexing 
function  shall  be  implemented  in  one  or  more  eguipments  which 
provide  a logical  grouping  of  rates.  The  specific  capabilities 
of  these  submultiplexers  will  be  determined  later. 

3. 1.1. 3.5  SERVICE  CHANNEL  MULTIPLEXER 

The  service  channel  multiplexer  shall  derive  channels  fcr  voice 
and  telemetry  service  functions  in  support  of  the  system.  Two 
voice  channels  plus  one  telemetry  channel  shall  be  multiplexed 
together  into  a combined  digital  bit  stream  with  a rate  of  192 
kb/s.  The  voice  chitnels  shall  be  derived  using  64  kb/s  PCM. 

The  telemetry  channel  shall  be  implemented  in  the  3rd  64  kb/s 
channel, 

3. 1.1. 3. 6 SERVICE  CHANNEL  TERMINAL 

The  service  channel  terminal  function  shall  provide  all  required 
VF  termination,  bridging  and  signalling  capability  necessary  to 
interconnect  individual  service  channels  into  multipoint  networks 
suitable  to  support  maintenance  needs.  This  function  may  be 
satisfied  by  existing,  in-place  equipment  where  appropriate. 

3.1.  1.3.7  DIGITAL  RADIO  SET 

The  digital  radio  set  function  shall  provide  RF  transmission  and 
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reception  for  LOS  and  trope  microwave  radio  relay  paths 
3. 1.1. 3,7.1  Lns  Dir.iTAL  RADIO  SFT 


The  LCS  diqital  radio  set  functions  for  LCS  links  shall  accept 
separate  Bission  hit  streams  from  one  or  two  Level  2 TDM 
multiplexers  plus  a service  channel  bit  stream  from  a service 
channel  multiplexer  and  shall  provide  space  diversity  cr 
frequency  diversity  transmissicn  of  these  siqnals  in  the 
UUCC-5C'C0  and  the  7125-8UC''  MHz  frequency  bands.  The  LCS 

digital  radio  function  shall  provide  transmission  of  the  mission 
diqroup  cross-sections  specified  in  Table  A-I  in  the  emission 
bandwidths  as  listed.  Service  channel  requirements  are  not 
included  in  the  specified  diqroup  capacity  but  must  also  be 
implemented  within  the  erissicn  bandwidth.  Where  two  emission 
bandwidths  are  listed,  they  represent  the  requirement  for 
operation  with  two  different  spectral  efficiencies  (b/s/Hz) . 

TABLF  A-I 

EMISSION  HANTWIDTH  REUDIRFMENTS  FO?  DIGROUF  CAPACITIES 
OF  LOS  digital  RADIO  SET 

DIGROUP  CAPACITY  EQUIVALENT  VF  CHANNELS  EMISSICN  EANCWIDTH 

(MHz) 


2 

4b 

3.5 

a 

96 

3.5,  7.0 

f 

144 

7.C,  10.5 

8 

192 

7.0,  14.0 

12 

2B8 

10.5,  20 

16 

3 84 

14,  20 

(3.5  MHz  bandwidth  required  in  4U0G-5^CC  MHz  band  only)  ] 

(10,5  and  20  MHz  bandwidth  required  in  7125-8UCC  MHz  ( 

band  only) 

Capacities  of  2 and  6 digroups  shall  be  provided  by  a single 
input  mission  bit  stream.  Capacities  of  or  B digroups  shall  be 
provided  by  either  a singl=‘  cr  two  equal  input  mission  bit 
streams.  Capacities  of  12  or  15  digroups  shall  be  provided  by 
two  equal  input  mission  bit  streams.  When  two  mission  bit 
streams  are  input  to  the  radio  terminal  they  shall  be  at  equal 
bit  rates. 

The  radic  terminal  functicn  shall  contain  a time  base  capable  of 
being  synchronized  to  a station  timing  source.  In  the  absence  of 
a station  timing  source,  the  radio  set  function  shall  provide 
timing  tc  synchronize  all  directly  subordinate  multiplexers.  The 
LCS  digital  radio  set  function  shall  be  satisfied  with  either  a 
self-contained  digital  radic  set  or  with  a digital  applique  unit 
operatinq  with  an  existing  FM  radio  terminal. 
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3.  1.1.  3.7.2  TPOPO  DIGITAL  RADIO  SET 


The  tropo  digital  radio  set  function  shall  accept  separate 
■issicn  bit  stieaas  frca  d Level  1 PCM  multiplexer  or  froa  one  o 
two  Level  2 TDM  nultiplexers  plus  a service  channel  bit  streaa 
from  the  service  channel  aultiplexer  and  shall  provide  diversity 
(typically  dual  or  quad)  transaission  of  these  signals  in  the 
790-950  BHz,  17C0-2690  BHz  and  4. 4-5.0  GHz  frequency  bands.  The 
digital  tropo  terainal  shall  provide  transnissicn  of  the  mission 
digroup  cress  sections  specified  in  Table  A-II  in  the  indicated 
emission  bandwidth.  Service  channel  requirements  are  not 
included  in  the  specified  digroup  capacity  but  must  also  be 
implemented  within  the  listed  emission  bandwidths.  Where  two 
emission  bandwidths  are  listed,  they  represent  the  requireaent 
for  operation  with  two  different  spectral  efficiencies  (b/s/Hz) . 

TABLE  A-II 

EMISSION  BANDWIDTH  SEQU IR EM  ENTS  FOE  DIGROUP  CAPACITIES 
OF  TROPO  DIGITAL  RADIO  SET 


DIGROUP  CAPACITY 

1 

2 

4 

6 

8 


EQUIVALENT  VF 
CHANNELS 
24 
48 
96 
144 
192 


EMISSION  BANDWIDTH 
(MHz) 

3.5 

3.5,  7 
1C. 5,  14.0 
1C. 5,  14.0 
14. C 


Capacities  of  1 and  5 digroups  shall  be  provided  by  a single 
input  mission  bit  streaa.  Capacities  of  2,  4 and  8 digroups 
shall  be  provided  by  either  a single  or  two  equal  rate  mission 
bit  streams. 

The  tropo  digital  radio  set  function  shall  contain  a time  base 
capable  of  being  synchronized  to  a station  source.  In  the 
absence  of  a station  timing  source,  the  tropo  digital  radio  set 
shall  provide  timing  to  synchronize  all  directly  subordinate 
multiplexers.  The  tropo  digital  radio  set  function  shall  be 
implemented  through  the  use  of  a digital  trope  modem  in 
conjunction  with  existing  up-converter  and  down-converter 
equipment . 

3, 1.1. 3. 8 CLOCK  AND  TIMING  SUBSYSTEM 

The  clock  and  timing  subsystem  shall  generate  all  necessary 
synchronized  bit  rate  timing  signals  for  distribution  to  all 
encryption  units,  digital  multiplexers,  submultiplexers  and 
digital  radio  sets  within  a station.  The  clock  and  timing 
subsystem  shall  contain:  (1)  a station  master  clock  capable  of 

being  coordinated  with  other  clocks  in  the  network,  (2)  a clock 
distribution  unit  which  generates  and  disseminates  required 
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tiling  signals  within  the  station,  and  (3)  link  interfaces 
between  the  station  clock  and  transiission  links  which  provide 
those  functions  necessary  for  the  operation  of  the  selected 
network  synchronization  techniques.  The  link  interface  shall 
also  contain  any  required  buffering  to  nonalize  propagation 
delay  vaciaticn  on  transiission  links.  In  the  asynchronous  node 
of  network  cperaticn,  outgoing  tiling  in  each  station  shall  be 
based  on  the  naster  oscillator  in  each  radio  set  if  nc  clock  and 
tiling  subsysten  is  provided.  If  a clock  and  tiling  subsystei  is 
provided  it  shall  coordinate  all  outgoing  tiling  within  the 
station.  In  the  synchronous  ncde  of  operation,  (1)  all  stations 
shall  be  provided  with  a clock  and  tiling  subsysten,  (2)  all 
station  deck  and  timing  subsysteis  within  the  network  shall  be 
coordinated  and  (3)  the  clock  and  timing  subsysten  shall  clock 
all  outgoing  and  incoiing  signals  within  the  staticn. 


] 


3. 1.1. 3. 9 BllIK  ENCPYFTION 

The  bulk  encryption  function  shall  accept  digital  MPZ  bit  streams 
I plus  associated  tiling  at  digroup  or  higher  data  rates  within  the 

1 system  and  provide  encryption  of  that  data  stream.  The  bulk 

encrypticii  function  shall  be  capable  of  operating  at  either  the 
1.544  Wb/s  digroup  bit  rate  or  at  any  of  the  Level  2 TDM 
multiplexer  output  rates  described  in  3.  1.1. 3. 2.  The  bulk 
encryption  function  shall  be  capable  of  being  externally 
^ commanded  to  synchronize/resynchronize  and  shall  be  equipped  with 

i an  externally  commanded  clear*  text  bypass  capability. 

I 3.I.I.3.  1^  TRANSMISSION  STATUS  MONITORING  AND  CHANGE  (TSMC) 


I 


I 


The  TSMC  function  shall  provide  all  necessary  test,  monitoring, 
signal  processing  and  control  functions  necessary  to  determine 
transmission  system  status  and  to  effect  transmission  system 
control.  It  shall  receive  all  status  monitoring  indications  from 
equipment  at  the  site,  including  equipment  fault  indications, 
operational  status,  power  indications  and  staticn  indications. 

All  necessary  cn-site  processing  of  these  signals  necessary  to 
accomplish  local  control  actions  shall  be  performed.  All 
necessary  multiplexing  of  these  signals  fer  application  to  the 
telemetry  channel  and  all  necessary  control  of  the  telemetry 
channel  shall  be  accomplished.  This  function  shall  provide  the 
necessary  coordinated  control  of  multiplexer  resynchronization, 
standby  equipment  switching  and  crypto  equipment  bypass 
switching.  Additionally,  control  channels  shall  be  provided  in 
conjunction  with  the  telemetry  service  channel  to  effect  remote 
operation  of  standby  switching,  resynchronization,  and  crypto 
switching. 

3.1.1.3.11  PATCH  AND  TEST  - to  be  provided  in  a later  issue 
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3.1.1.3.12  STATION  AND  FACILITIES  SUPPORT 

The  station  and  facilities  support  function  shall  provide 
physical  housing,  environmental  conditioning,  primary  power, 
grounding  and  interconnecting  cabling  capabilities  for  the  other 
elements  of  the  system. 

3.  1.1.4  SYNCHRONIZATION  NODES 

The  system  shall  be  capable  of  operating  in  either  a synchronous 
or  an  asynchronous  mode.  Asynchronous  mode  will  be  utilized  as  a 
transitional  mode  of  the  system  since  it  is  net  anticipated  that 
the  intersite  clock  coordination  capabilities  will  be  available 
tor  initial  system  operation.  During  this  period  most  channels 
will  he  analog,  and  therefore  have  no  synchronous  reguirement. 

As  station  synchronization  capabilities  are  implemented,  the 
interconnected  sites  of  tne  system  will  be  converted  to 
synchronous  mode,  Tn  the  asynchronous  mode,  timing  sources  in 
the  various  interconnected  sites  of  the  system  will  not  be 
synchronized.  Asynchronous,  pulse  stuffing  techniques  will  be 
necessary  to  multiplex  digital  signals  originating  from  separate 
nen-sy nchron ized  sites.  Asynchronous  signals  will  be 
accommodated  at  50  kb/s  and  at  1,544  Nb/s,  3.008  Mb/s  and  6.176 
Mb/s,  In  the  synchronous  mode,  all  timing  sources  of  the  system 
will  be  in  synchronism  with  each  other.  Use  of  this  mode  is 
activated  by  accomplishing  synchronization  between  station  clocks 
at  all  stations  in  the  system.  Use  of  synchronous  mode  allows 
the  direct  interconnection  of  digital  signals  originating  at 
various  points  througuout  the  network.  Synchronous  multiplexing 
shall  be  used  to  multiplex  all  digital  signals  which  are 
contained  within  the  synchronized  part  of  the  net.  Digital 
signals  which  are  originated  at  stations  external  to  the 
synchronous  network  shall  be  accommodated  at  50  kb/s,  1.544  Mb/s, 
3,088  Mb/s  or  6.176  Mb/s  using  pulse  stuffing  asynchronous 
channels , 

3.  1.1. 5 EXISTING  SYSTEM  COMPATIBILITY 
3. 1.1. 5.1  LOS  DIGITAL  RF  LINK  EQUIPMENTS 

LCS  digital  RF  link  equipments  shall,  to  the  maximum  extent 
practical,  be  capable  of  meeting  all  requirements  specified 
herein  on  existing  DCS  radio  paths  using  existing  antennas  and 
waveguide  runs . 

3.  1.1. 5. 2 DIGITAL  APPLIQUE  UNIT  COMPATIBILITY 

The  digital  applique  unit  (see  3, 1.1. 3. 7.1)  shall  be  capable  of 
meeting  all  applicable  reguirements  of  this  specification  when 
operated  in  conjunction  with  any  of  the  following  existing  FH 
radio  terminals; 
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a.  AN/FRC-159  throu>jh  162 

b.  KR-300 

c.  LC-a 

d.  LC-H 

3.1. 1.5.3  TPOPO  DIGITAL  MODEM 

The  requirements  for  a tropo  diqital  radio  function  specified 
herein  shall  be  met  throuqh  the  use  of  a tropo  digital  modem 
interfaced  at  7f'  MHz  with  the  following  existing  CCS 
up”Con ver ter/d own-con  vert er  equipments: 

a.  AN/T=’RC-39A 

b.  AN/FPC-95 

c.  AN/FRC-97 

d.  AN/MRC-113 

e.  AN/MRC-R5 

f.  A\/TRC-1'’<0 

g.  AN/FBC-132,  132A 

h.  LRC-3 

3. 1.1. 3. u LEVEL  2 TDM  MULTIPLEXFP  CCHFATIEILITY 

The  Level  2 TDM  multiplexer  shall  be  capable  of  interfacing  and 
operating  with  the  CY-I'^a,  the  Western  Electric  D2/D3  channel 
bank  and  the  AN/GSC-2a(V)  at  the  digroup  rate  (1. 5aa  Mb/s). 

3.1.2  THREAT 

The  threats  tc  the  transmission  subsystem  include  sabotage, 
jamming  and  nuclear  detonations.  Protection  of  the  system 
against  sabotage  shall  be  accomplished  by  military  means  and  by 
normal  facility/s ite  construction  methods  and/or  location.  The 
extent  of  the  jamming  threat  in  Europe  is  detailed  in  Draft  final 
report  of  the  European  Command,  Control  and  Communications  Study 
Group,  2?  April  1973,  Appendix  C - "Threat  tc  Europe  C3." 
Protection  of  the  system  against  jamming  shall  be  as  discussed  in 
section  3.2.5  of  this  specification.  Protection  of  the  system 
against  the  nuclear  threat  is  described  in  section  3.2.7  of  the 
specification. 

■>.1.3  SYSTEM  DIAGRAMS 


To  enable  the  system  to  provide  the  many  capabilities  anticipated 
in  the  DCS  application,  a wide  variety  of  configurations  must  be 
provided.  These  configurations  are  diagrammed  and  described  in 
the  fcllcwing  paragraphs.  The  equipment  elements  making  up  these 
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branching  repeater  configuration,  and  a terminal  configuration 
with  through- grouped  multiplexers  as  well  as  drop  and  insert. 

3.  1.3.  1.1  FEPEATER  CONFIGURATION 

The  repeater  configuration  illustrated  in  Figure  A-2  shall 
receive,  regenerate  and  retransmit  RF  signals  in  each  direction. 

A repeater  shall  be  capable  of  unattended  operation  and  no 
demul.tiplexer/multiplexer  is  required  for  any  component  part  of 
the  mission  bit  stream.  Service  channel  access  shall  be  provided 
to  allow  a communications  capability  for  maintenance  personnel, 
and  to  allow  telemetry  of  alarm  and  control  functions  of  the 
other  equipments.  The  received  PF  signal  shall  be  demodulated  to 
baseband  and  separated  into  separate  mission  bit  streams  and  the 
service  channel  bit  stream.  The  mission  bit  streams  and  the 
associated  recovered  timing  shall  be  passed  directly  to  the 
transmitter  in  the  outgoing  direction  where  they  shall  be 
recombined  with  the  service  channel,  remodulated,  and  transmitted 
to  the  next  station.  The  service  channel  multiplexer  unit 
provides  three  channels,  two  of  which  provide  voice  orderwires. 
The  third  channel  provides  a digital  data  orderwire  ccnnection  to 
the  TSMC  unit. 

3.  1.3.  1.2  BRANCHING  REPEATER  CONFIGURATION 

A branching  repeater.  Figure  A-3,  shall  interconnect  three  or 
more  transmission  paths  and  shall  provide  for  any  combination  of 
interconnection  of  digroups  among  the  various  paths.  Thus  the 
mission  bit  streams  associated  with  each  path  will  generally  be 
demodulated  to  the  digroup  level  but  no  channels  will  be 
demodulated  to  the  VF  level.  In  the  asynchronous  mode  of  network 
operation  it  shall  be  possible  tc  through-route  a single  mission 
bit  stream  without  demodulation  to  the  digroup  level,  as  shown  in 
Figure  A-3.  In  the  synchronous  mode  of  network  operation, 
additional  mission  bit  streams  may  be  through-routed.  The 
service  channel  and  telemetry  functions  at  the  branching  repeater 
are  the  same  as  those  described  for  the  repeater  configuration 
(3.  1.3.  1.1).  A branching  repeater  shall,  in  the  synchronous 
mode,  contain  a Clock  and  Timing  Subsystem. 


3. 1.3. 1.3  TERMINAL  CONFIGURATION 


A terminal  configuration  shall  provide  channel  breakouts  to  the 
voice  level.  Other  functions  shall  include  through-routing  of 
mission  bit  streams,  and  through-routing  of  digroups.  The 
following  description  describes  a terminal  configuration  which  is 
connected  to  two  communication  paths.  It  contains  ^all  terminal 
configuration  functions.  A terminal  configuration  *vith  three  or 
more  paths  shall  contain  additional  repetition  of  the  functions 
described  below.  A terminal  configuration  connected  tc  a single 
path  shall  contain  no  through-routing.  The  terminal 
configuration  connected  tc  two  paths  illustrated  in  Figure  A-u 
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FIGURE  A-3.  BRANCHING  REPEATER  CONFIGURATION 
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provides  both  through-routing  functions  and  a capability  to 
provide  a number  of  mission  analog  and  digital  breakouts  at  the 
voice  level  for  users  located  in  the  vicinity  of  the  terminal. 

One  mission  bit  stream  is  through-routed  from  the  receiver 
directly  tc  the  outgoing  transmitter.  The  second  mission  bit 
stream,  which  contains  channels  tc  be  dropped  and  vacant  channel 
assignments  which  can  be  occupied  by  inserted  channels,  is 
demultiplexed  by  a Level  2 TDM  multiplexer.  Digroups 
demultiplexed  by  one  Level  2 TDM  multiplexer  are  shown  being 
th rougti-routed  to  the  outgoing  Level  2 TDM  multiplexer.  The 
digroups  containing  the  voice  channels  of  local  interest  are 
shown  being  demultiplexed  by  a Level  1 PCM  multiplexer. 
Demultiplexed  analog  and  digital  voice  channels  are  brought  to 
corresponding  digital  and  analog  patch  bays  which  are  part  of  the 
TCP.  Terminating  channels  are  connected  to  terminal  equipment 
and  some  channels  are  through-routed  to  the  cutgoing  Level  1 PCM 
multiplexer.  In  synchronous  mode  any  type  of  digital  channels 
may  be  terminated  or  through-routed.  In  asynchronous  mode,  only 
the  50  kb/s,  1.5ua  Mb/s,  3.088  Mb/s  and  5,176  Mb/s  asynchronous 
channels  may  be  through-routed.  Digital  channels  may  be  further 
subdivided  by  TDM  submultiplexers.  The  Level  A TDM 
submulti plexer  is  configured  either  for  three  input  channels  of 
16  kb/s  each  and  a 56  kb/s  output  or  for  seven  input  channels  of 
15  kb/s  each  and  a 128  kb/s  output.  The  Level  E low  speed  TDM 
submultiplexer  will  provide  various  low  bit  rate  channels  derived 
from  a 16  kb/s  digital  channel  of  the  Level  A TDM  submultiplexer. 
The  service  channel,  TSmc,  ^nd  Clock/Timing  functions  of  the 
terminal  configuration  are  essentially  the  same  as  those 
described  in  3, 1,3. 1.2  for  the  Branching  Repeater  configuration. 

3,  1.3.1. U CLCCK  DJSTFIBUITON 

Two  different  configurations,  one  asynchronous  and  one 
synchronous,  shall  be  provided  for  the  distribution  of  clock  at 
branching  repeaters  and  terminals.  The  routing  of  timing  shall 
be  in  accordance  with  MIL-STD-188-100,  h.3.1.6,3,1.  Case  Two, 
which  requires  timing  to  accompany  data  from  source  to  sink. 

Clock  is  defined  herein  as  a reference  signal  which  determines 
the  rate  of  digital  transmission.  Timing  is  defined  as  a signal 
that  is  companion  to  each  data  stream  which  is  used  by  the  data 
sink  to  sample  the  data  stream. 

3. 1.3. 1.4.1  ASYNCHRONOUS  NETWORK  CONFIGURATION 

In  the  asynchronous  mode  the  system  shall  provide  either  of  two 
timing  configurations.  These  are  shown  in  Figures  A-5  and  A-6. 
Figure  A-5  illustrates  a terminal  configuration  without  a clock 
and  timing  subsystem  where  transmit  clock  is  generated  by  the 
timing  source  in  the  digital  radio  set  transmitter  or  is  derived 
from  the  timing  of  a through-routed  mission  bit  stream.  Figure 
A-6  illustrates  the  terminal  configuration  for  transmit  timing 
when  a clock  and  timing  subsystem  is  present.  Receive  timing,  in 
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FIGURE  A-5.  TRANSMIT  TERMINAL  TIMING  AND  CLOCK  CONFIGURATION 
ASYNCHRONOUS  MODE 
NO  CLOCK  AND  TIMING  SUBSYSTEM 
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all  cases  is  derived  in  the  digital  radio  set  receiver  from  the 
incoming  RF  signal  and  is  routed  vith  the  data  from  the  receiver 
to  the  encryption  unit  to  the  Level  2 TDM  multiplexer  to  the 
Level  1 PCM  multiplexer.  The  receive  terminal  configuration 
illustrating  the  routing  of  receive  timing  is  shown  in  Figure 
A-7. 

When  no  clock  and  timing  subsystem  is  present,  the  timing 
derived  from  the  digital  radio  set  transmitter  internal  timing 
source  shall  serve  as  the  clock  source  for  all  subordinate 
interfacing  equipment.  The  transmitter  internal  timing  source 
shall  operate  independently  unless  one  of  its  mission  bit  streams 
is  through-routed  direct  from  a digital  radio  set  receiver  in  the 
station,  Tn  this  case,  the  transmitter  internal  timing  source 
shall  be  slaved  to  the  timing  signal  derived  from  the 
through-routed  mission  bit  stream  and  shall  provide  a clock 
signal  to  each  interfacing  bulk  encryption  unit.  Level  2 TDM 
multiplexer  or  service  channel  multiplexer.  Each  interfacing 
encryption  unit  shall  accept  clock  from  its  directly  interfacing 
transmitter.  The  encryption  unit  shall  output  that  clock  to  its 
directly  interfacing  Level  2 TDM  multiplexer  which  shall  output 
data  without  a companion  timing  line  based  on  that  clock.  The 
encryption  unit  shall  have  a strappable  option  to  align  the  phase 
of  the  incoming  data  from  the  Level  2 TDM  multiplexer  to  its 
clock.  The  transmitter  shall  contain  the  required  buffering  to 
accept  two  mission  bit  streams  and  one  service  channel  bit  stream 
with  a common  clock  rate  but  with  random  phase  and  to  align  these 
phases  as  necessary  for  transmission. 

The  internal  timing  source  of  the  Level  1 PCM  multiplexer 
shall  provide  a clock  to  all  subordinate  digital  equipments  and 
users.  Since  the  Level  1 PCM  multiplexer  clocks  are  not 
synchronized,  the  Level  2 TDM  multiplexer  asynchronous  option 
shall  be  used.  The  digroup  inputs  of  the  Level  2 TDM  multiplexer 
shall  be  aligned  by  pulse  stuffing. 

In  the  asynchronous  mode  the  clock  and  timing  subsystem 
shall  be  the  local  timing  reference  for  all  digital  eguipment  in 
the  facility  that  is  ret  required  to  be  synchronous  with  a 
distant  source.  The  clock  and  timing  subsystem  is  optional  in 
the  asynchronous  node  but  mandatory  in  the  synchronous  mode.  The 
clock  distribution  unit  or  the  clock  and  timing  subsystem  shall 
generate  and  buffer  amplify  all  necessary  clock  signals  for 
distribution  to  equipment  throughout  the  facility.  When  a deck 
and  timing  subsystem  is  present  in  an  asynchronous  mode  as  shown 
in  Figure  A-6 , all  units  except  those  directly  subordinate  to 
encryption  units  shall  be  provided  clock  by,  and  synchronized  to, 
the  clock  and  timing  subsystem. 

3. 1.3. 1.4.2  SYNCHR0NCU3  NETWORK  CONFIGUEATION 

In  the  synchrcricus  mode  the  terminal  configuration  is  the  same  as 
that  shown  in  Figure  A-b  except  that  the  clock  and  timing 
subsystem  is  synchronized  to  a network  standard,  A bufrering 
functron  shall  absorb  propagation  delay  variations  originating  in 
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th<?  modia  and  equipment  to  maintain  a constant  rate  into  the 
facility  in  tli^*  receive  direction.  The  Level  1 PCfl  multiplexers 
shall  he  clocked  from  the  deck  and  timinq  subsystem  unless  an 
encryption  unit  is  used  at  the  liqroup  level,  in  which  case  the 
Level  1 EC*1  multiplexer  is  clocked  by  the  encryption  unit.  Since 
the  clock  and  timinq  subsystems  in  all  stations  are  in 
synchronization,  all  Level  1 PCii  multiplexers  will  he  synchronous 
which  will  allow  the  Level  2 thi  multiplexers  to  operate  in  the 
synchronous  option.  All  digital  users  serviced  by  the  facility 
will  be  synchronized  to  the  clock  and  timinq  subsystem  of  that 
facility. 

A clock  synchronization  capability  within  the  deck  and 
timing  subsystem  shall  be  required  for  synchronous  mode 
operation.  This  capability  controls  the  variation  of  phase 
and/or  frequency  of  the  station  clock  and  timinq  subsystem  to 
within  a specified  tolerance  of  the  rest  of  the  network  or  of  a 
specified  reference.  It  will  assure  constant  cr  ^uasi-constant 
digital  rates  at  all  stations,  and  thereby  enable  synchronous 
switching  and  multiplexing  or  digital  signals  originating 
anywhere  throughout  the  network. 

3.  1.3.2  DIGITAL  FADIC  JET  DIVERSITY  CONEIGHFATTONS 


3.  1.3.2.  1 LOS  DIGITAL  RACIC  SET 

The  line-cf-sight  radio  set  shall  be  provided  in  either  a dual 
frequency  diversity  or  a dual  space  diversity  cenfiguration.  If 
additicnal  diversity  is  renuired  to  meet  availability 
requirements  on  specific  links,  the  requirements  for  such 
provisions  shall  be  determined  on  an  individual  case  basis. 

3. 1.3.2. 1.1  FP.EQUENCY  DIVERSITY 

The  frequency  diversity  configuration  illustrated  in  Figure  A-R 
shall  consist  of  two  r^idic  sets  with  the  transmitters  tuned  to 
different  frequencies,  and  each  normally  radiating  at  all  times. 
It  shall  also  consist  of  diplexer  filters  and  a combiner.  The 
receivers  shall  be  receiving  at  all  times  on  a different  pair  of 
frequencies.  The  transmitters  will  be  driven  in  parallel  with 
trie  same  digital  signal.  The  receivers  shall  each  demodulate  the 
received  signals  independently.  A receiver  diversity  combiner 
shall  be  provided  in  the  radic  terminal  to  combine  the  diversity 
signals.  The  combiner  shall  provide  the  following  performance: 

a.  The  switching  cr  combining  action  of  the  combiner  shall 
create  no  erroneous  bits  in  the  output  stream. 

b.  The  switching  cr  combining  action  cf  the  combiner  shall 
net  cause  loss  of  BCI. 

c.  If  a noiiswitchi ng  combiner  is  used,  a minimum  of  equal 
gain  combining  action  shall  be  provided. 

d.  A switching  function  shall  allow  either  receiver  output 
to  be  manually  or  remotely  switched  cff-line  without  introducing 
errors  cr  less  of  3CI. 
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3. 1.3. 2. 1.2  SPACE  DIVERSITY 


The  space  diversity  ccnf iyuration  illustrated  in  Figure  A-9  shall 
consist  of  two  LOS  digital  radio  sets  with  the  transmitters  tuned 
tc  one  frequency  and  the  receivers  tuned  to  a different 
frequency.  One  transmitter  shall  be  connected  to  the  antenna, 
while  both  receivers  (operating  from  separate  antennas)  will  be 
receivirg  and  combining  the  incoming  digital  signals. 

Performance  of  the  combiner  shall  be  equivalent  tc  that  described 
for  the  frequency  diversity  terminal  in  3. 1.3.2. 1.1  a.  through  d. 
when  the  inrut  signals  tc  the  two  receiving  antennas  vary  in 
relative  phase  by  any  amount  up  to  but  not  exceeding  2C 
nanoseconds  and  in  BEK  by  any  ratio.  Internally  and  externally 
(local  and  remote)  controlled  on-line/standby  switching  shall  be 
provided  fcr  the  transmitters  and  receivers. 

3.1. 3,2.2  TROPO  DIGITAL  RADIO  SET 

The  trope  digital  radio  set  shall  operate  in  one  of  the  following 
diversity  configurations  to  meet  particular  requirements: 
frequency,  frequency/space,  space/polarization  or  other 
combinations.  These  cont iqurations  are  described  below. 

3. 1.3. 2. 2.1  FEEyUENCY/SPACE  DIVERSITY 

The  f reque  rcy/space  diversity  configuration  illustrated  in  ’^igure 
A-ICb  and  in  mote  detail  in  Figure  A-11  shall  consist  of  two 
tropo  digital  radio  transmitters  and  four  tropo  digital  radio 
receivers.  The  transmitters  are  driven  by  identical  signals  from 
the  tropo  digital  modem  but  transmit  separate  frequencies  ever 
separate  antennas.  Each  pair  of  receivers  is  connected  to  a 
separate  antenna,  and  each  receiver  cf  a pair  is  tuned  to  one  of 
the  two  frequencies  being  received.  The  trope  digital  modem 
shall  (3.  1.1. 5.2)  provide  the  function  of  diversity  combining  as 
well  as  demodulation. 

3. 1.3. 2. 2. 2 FFFQUFNCY  DIVERSITY 

The  frequercy  diversity  configuration  illustrated  in  Figure  A-10a 
shall  consist  of  two  radio  sets  with  the  transmitters  tuned  to 
different  frequencies,  both  radiating  at  all  times,  and  driven  in 
parallel  by  the  same  digital  signal  from  the  tropo  digital  modem. 
The  receivers  shall  be  receiving  cn  this  pair  cf  frequencies  at 
all  times.  As  menticned  above,  the  tropo  digital  modem  will 
provide  the  diversity  combining  function  and  demodulation. 

3. 1.3. 2. 2. 3 SFACF/POIARIZATION  DIVERSITY 

Where  dual  frequency  allocations  are  unavailable, 
space/polar ization  diversity  shall  be  used.  The 
space/polarization  configuration  shall  consist  cf  one  tropo 
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digital  radio  transiuittac  and  four  tropo  digital  radio  receivers 
as  shown  in  Figure  A- 10c,  Diversity  ccmbiner  functions  shall  be 
provided  by  a tropo  digital  modem  in  the  same  manner  as  for  the 
frequency/space  configuration  above, 

3,  1.3. 2, 2, u OlHEP  DIVERSITY  CCNFIGORATICNS 

For  more  difficult  links,  additional  fading  protection  such  as 
angle  diversity  may  be  required  fcr  satisfactory  performance. 
These  configurations  are  non-standard  and  shall  be  approved  by 
DCA  and  implemented  on  an  as-required  basis, 

3.1.4  INIEBFACE  TEFINITICN 

3.  1.4.1  CHANNEL  INTERFACES 

3,  1.4.  1.  1 VF  INTERFACE 

The  Level  1 PCM  multiplexer  channel  VF  input  and  output 
impedances  shall  each  be  603  ohms  ♦/-lO  percent,  balanced  to 
ground.  The  VF  input  shall  be  either  a C or  -16  Transmission 
Level  Point  (TLP) , selectable  by  a strapping  option.  The 
test-tone  level  at  the  VF  output  shall  be  either  0 dEm  or  +7  dBm, 
selectable  by  strapping  option, 

3. 1 .4. 1 . 2 E6M  SIGNALING 

The  PCM  channel  input  and  output  interface  conditions  for  E&M 
signaling  shall  be  as  follows: 

E LEAD  M LEAD 

CN-HOOK  open  ground 

OFF-HOOK  ground  battery 

(-48  volts 
♦/-  5 volts) 

3. 1.4. 1.3  DIGITAL  ^nTESFACE 

The  digital  interface  for  data  and  timing  signals  shall  be  a 
balanced  voltage  digital  interface  circuit  that  shall  ccnform  to 
paragraph  5."'  of  Proposed  Draft  KIL-STD- 1 88- 1 14 , 14  January  1976, 
titled:  Electrical  Characteristics  of  Digital  Interface 

Circuits,  superseding  subparagraph  a,3,l,3  of  MIL-ST D- 188- ICO,  15 
November  1972,  The  circuit  consists  of  three  parts:  the 

generator,  the  balanced  interconnecting  cable,  and  the  load.  The 
general  characteristics  cf  each  part  are  given  below;  in  the 
event  of  conflict,  the  requirements  of  MlL-STD-188- 1 14  shall 
supersede . 

3.  1.4, 1.3.1  GENERATOR 

In  general,  the  generator  will  be  a low,  impedance  (IDO  ohms  or 
less)  balanced  voltage  source  that  will  produce  a differential 
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voltrt<j«3  applijpd  tc  the  in terconnectin«j  Cdtle  in  the  range  of  2 
volts  to  6 volts. 

3.1.U.1.3.2  LOAD 

In  general,  the  load  is  a differential  receiver  having  a high 
input  iapedancc  (greater  than  or  equal  to  u Icohns)  , a small  input 
threshold  transition  region  between  -0,2  volts  and  ♦0.2  volts, 
and  allowance  for  an  internal  bias  voltage  not  to  exceed  3 volts 
in  magnitude. 

3. 1.4.  1.3. 3 INTEHCONNECIING  CA3Li 

In  general,  the-  cable  will  oe  a transmission  line  with  a nominal 
characteristic  imjedance  cn  the  order  of  lOr  chms  to  frequencies 
greater  than  IOC  KHz  an  i a 'iC  series  loop  resistance  not 
exceeding  2^C  chms. 

3.  1.4.2  CLOCK  INlcFFACZ 

The  clock  wavelorm  will  be  a 53  percent  duty  cycle  polar  square 
wave  with  rise  and  tall  times  as  *hown  in  Figure  A-12.  The  data 
and  clock  pulse  output  rise  and  fall  time  Ty  and  Tf  shall  be 
greater  than  5 percent  but  less  than  15  percent  of  the  nominal 
data  pulse  width,  Ij,  at  the  hijhcst  applicable  data  rate  at  the 
interface  when  measured  cetween  the  K percent  and  90  percent 
points , 


3. 1.4. 2.1  CLOCK  VATFS 

In  general,  the  clocx  i ite  shall  te  at  the  data  bit  rate  of  the 
equipment  being  prcviJeJ  «itn  clock.  Submulti (lexers  shall  be 
provided  with  clock  (if  required)  at  the  kHz  rate.  Clock 
shall  be  provided  (if  required)  to  th*-  Level  1 FCH  multiplexer  at 
1.5UU  MH7. 

3.1.4.U  SYS'^F?'  CCNISCL  khC  ALA'^'i 

Interface  signals  shall  ne  one  of  or  a combination  of  three 
different  types; 

a.  stead  y-stat*"* 

t.  pulse  events,  or 

c.  continuous  DC  varying  levels, 

3.  1.4.4.  1 JISALY-STATE  SIGNAL 

This  is  a sitjnal  actuated  by  a contact  closure  and  is  either  on 
or  off. 
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3.1.4. a. 2 PULSF  EVENT  SIGNAL 

This  is  a signal  actuated  by  an  event  such  as  a bit  error  and  is 
in  the  form  of  pulses  as  each  event  occurs.  Additional  details 
are  to  be  determined. 

3.  1.4. a. 3 CONTINUOUS  DC  VARYING  lEVEI  SIGNAL 

This  is  an  analog  signal  whose  instantaneous  voltage  amplitude  is 
proportional  to  the  parameter  of  interest  (e.g.  AGC  voltage). 
(Specific  details  of  bandwidth,  impeiance  and  voltage  range  will 
be  added  later) . 

3. 1.4.5  POWER 

All  equipment  except,  tropo  radio  sets  shall  operate  from  a 
station  battery  of  -4P  volts  dc,  with  an  allowable  range  of  -44 
volts  dc  to  -56  volts  dc  with  any  variation  theri.of,  the  ripple 
and  noise  as  high  as  K'  mV  (peak-to-peak)  . All  tropo  radio  cots 
shall  operate  from  a power  source  of  117/23f  volts  ac  ♦/-  1G 
percent  single  pnase  with  a trequency  of  47  Hz  to  420  Hz.  (Low 
power  trcpo  radio  set  requirements  may  operate  from  the  specified 
station  battery). 

3.1.5  ANTICIPATED  DEPLOYMENT 

The  system  sliall  be  suitable  for  deployment  in  friendly  and/or 
controlled  areas  and  areas  beyond  the  range  of  hostile  land- 
based  jammers.  All  parts  of  the  system  except  antennas  and 
waveguide  shall  be  suitable  for  installation  inside  buildings  in 
environments  suitable  for  manned  activities.  Waveguides  and 
antennas  shall  be  selected  tc  be  suitable  for  the  actual 
anticipated  “xterior  environment  at  each  specific  site.  All 
equipments  except  antennas  and  waveguide  shall  he  packaged  and 
installed  is  such  a way  as  to  allow  removal  and  evacuation  by  the 
normal  operation  and  maintenance  personnel  within  a period  not  to 
exceed  (to  bo  determine!)  days. 

3.2  CPAF  AC"-E?ISTTC3 

3.2.1  SYSTEM  FERFCRMANCE  CHARACTERISTICS 

The  digital  transmission  system  is  composed  of  interconnected 
transmission  links  consisting  of  radio  sets  and  various  levels  of 
multiplex.  The  basic  transmission  element  is  an  individual  ^F 
link.  One  or  more  RF  links  are  connected  in  tandem  between  Level 
2 TDM  multiplexers  tc  form  a path  for  digreups.  Cne  or  more 
digroups  are  connected  in  tandem  between  Level  1 PCM  multiplexers 
to  form  channels  (voice  or  data) . An  end-to-end  circuit  such  as 
the  DCS  circuit  is  composed  of  several  global  reference 
individual  channels  connected  in  tandem.  The  required  value  for 
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some  system  parameters  such  as  availability  or  mean- time-to-loss 
of  BCI  is  dependent  upon  a specific  system  configuration.  For 
example,  the  availability  of  a channel  is  dependent  upon  the 
number  of  RF  links  and  the  number  of  Level  2 TDM  multiplexers  the 
channel  traverses.  It  is  thus  desirable,  for  specification 
purposes,  to  define  a standard  reference  configuration  for  which 
performance  is  specified.  When  different  configurations  are 
encountered  in  the  actual  system,  their  performance  will  be 
determined  by  ext rapclaticn  from  the  standard  reference 
configuration  specified  herein, 

A reference  diqrcup  is  defined  as  twc  Level  2 TDM 
multiplexers  with  associated  bulk  encryption  equipment  connected 
by  three  tandem  RF  links  (three  LCS  links  for  a Type  A reference 
digroup  or  two  LOS  links  and  one  tropo  link  for  a Type  B 
reference  digroup).  "^his  configuration  is  shewn  in  Figure  A-13. 

A reference  channel  (voice  or  data)  is  defined  as  two  Level  1 PCM 
multiplexers  connected  by  four  tandem  Type  A reference  digroups 
and  one  Type  B reference  digroup.  This  configuration  is  shown  in 
Figure  A-14,  The  overall  DCS  end-to-end  global  reference  circuit 
into  which  these  elements  fit  and  from  which  specific 
requirements  are  derived  is  described  in  detail  in  TR  12-76, 
Section  IT,  1. 

System  performance  requirements  will  be  specified  herein  for 
actual  RF  links  and  for  each  of  the  twc  standard  reference 
configurations  described  above. 


3.2.  1.1  LCS  RF  LINK  PE7FCRMANCE 

Performance  characteristics  of  the  LOS  RF  link  shall  be  as 
specified  in  3.2.  1.1.1  through  3. 2. 1.1. 7.  Performance 
characteristics  are  measured  from  either  one  cf  the  twc  mission 
bit  stream  inputs  of  the  transmitter  to  the  corresponding  mission 
bit  stream  output  cf  the  receiver. 

3. 2.  1.  1.  1 RF  LINK  MARGIN 
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level  of  performance  can  be  determined  using  the  method  of  TR 
12-76,  section  IV, 3, d.  Fade  margin  is  defined  as  the  difference 
in  dD  between  the  non-faded  received  signal  le.vel  and  the 
received  signal  level  required  to  obtain  a 10’*'  bit  error  rate  at 
tl»e  receiver  output,  E’’  link  margin  is  defined  as  fade  margin 
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FIGURE  A-14  REFERENCE  CHANNELS 
(VOICE  AND  DATA) 


plus  a B iscfil lancous  loss  toar<jin  ot  5 dB  (to  account  for 
intor fer«=nce  6ff*»cts,  installation  losses  and  equipment, 
wavequide  and  antenna  aqinq  effects) . Fcr  a nominal  average  PF 
link  with  a path  length  of  30  miles,  an  antenna  diversity 
separation  of  3C  feet  and  average  terrain  and  climate,  the  fade 
margin  and  F’=‘  link  inargxn  required  tc  meet  the  above  requirement 
fcr  probability  of  fade  outages  are  32  dB  and  37  dB, 
respectively.  For  longer  paths,  lower  diversity  separation  or 
worse  terrain,  the  required  trargiiis  are  greater  and  vice  versa. 
Actual  required  PF  link  margins  shall  be  calculated  in  accordance 
with  TK  12-7f,  section  IV, 3, d. 

3, 2.  1.  1. 2 SYSTEM  GAIN 

The  system  gain  of  the  LOS  HF  link  shall  be  at  least  104  dB, 
System  gain  is  defined  as  the  difference  between  transmitter  RF 
power  output  and  required  receiver  input  to  obtain  a 10  bit 
error  rate  where  transmitter  output  and  receiver  input  are 
measured  at  the  equipment/wa veguida  interface. 

3.2,1. 1.3  AVAILABILITY 

Availability  is  the  cumulative  percentage  ot  time  that  the  system 
is  not  in  an  outage  condition  where  an  outage  is  defined  as  any 
one  of  the  following: 

a)  loss  of  path  continuity  fcr  a period  in  excess  of  one 

minute.  - 

b)  error  rate  on  either  mission  bit  stream  in  excess  of  10”® 
fcr  a period  in  excess  of  one  minute. 

c)  fade  outage  rate  in  excess  of  five  per  minute  for  a 
period  in  excess  of  one  minute. 

The  availability  of  the  line-of-sight  EF  link  shall  be  at 
least  C. 99995. 


3.2. 1.1. 4  EIT  COUNT  INTEGRITY 


Not  more  than  27-  of  all  fade  outages  on  the  LOS  EF  link  shall 
result  in  a loss  of  bit  count  integrity. 

3.2. 1.1. 5  FRAME  SYNCHRONIZATION  ACQUISITION  TIME 


The  receiver  internal  multiplexing  function  shall  achieve  frame 
synchronisation  in  not  more  than  50  railliseccrds  951  of  the  time 
following  the  restoral  of  tne  transmission  path  to  an  error  rate 
at  least  as  lew  as  10"^ . 


3.2.  1.1. 6 MEAN  TIME  TO  LOSS  OF  SYNCHRONIZATION 

The  reference  RF  link  shall  experience  no  loss  of  synchronization 
fcr  any  condition  in  which  BCI  is  maintained.  Not  more  than  5T 
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of  dll  fade  outages  on  the  LOS  RF  link  shall  result  in  a 
declaration  of  out-of-sync  unless  a loss  of  BCI  has  occurred. 

3.2,1. 1.7  RF  BANDW’IDIH 

The  radiated  signal  of  the  reference  LOS  RF  link,  including  all 
RF  frequency  uncertainties,  shall  contain  no  energy  in  any  4 KHz 
band  outside  the  authorized  bandwidth  specified  in  3.  1.1. 3. 7.1  in 
excess  of  5C  dB  below  the  desired  signal  or  that  specified  by  the 
following  relationship,  whichever  is  lower: 

F = Po  - 35  - 81((f-fo)/3)  - 10  log  B 
P = power  in  any  4 kHz  band  in  dBai 
Po  = mean  power  output  in  dBm 
f = center  frequency  of  the  4 kHz  band  in  MHz 
fc=  center  frequency  cf  the  authorized  band  in  MHz 
B = authorized  bandwidth  in  MHz 

No  requirement  exists  to  restrict  emission  to  more  than  80  dB 
below  Po. 


3.2.  1.2  TROPO  RF  LINK  PERFORMANCE 

Performance  characteristics  of  the  troposcatter  RF  link  shall  be 
as  specified  in  3. 2. 1.2.1  through  3. 2. 1.2. 6.  Performance 
characteristics  are  measured  from  either  one  cf  the  twc  mission 
bit  stream  inputs  cf  the  transmitter  to  the  corresponding  mission 
bit  stream  output  of  the  receiver. 

3.2. 1.2.1  RF  LINK  MARGIN 


The  probability  of  fade  outage  longer  than  200 
shorter  than  5 seconds  per  call-minute  for  the 
link  shall  not  exceed  7.5x10”^,  The  probabilit 
longer  than  5 seconds  per  caIA  minute  for  the  t 
link  shall  not  exceed  7,5x10"^  , The  probabili 

outage  rate  ;reater  than  2 per  minute  for  the  t 
link  shall  not  exceed  2.5x10"^  . The  RF  link  ma 
terms  of  a short  term  signal-  to-noise  ratio  wh 
exceeded  all  but  the  above  percentages  of  the  t 
specified  fade  outage  requirements)  may  be  esti 
methods  of  TB:  12-76,  IV, 3, g. 


milliseconds  but 
troposcatter  RF 
y of  fade  outage 
roposcscter  RF 
ty  of  recurrent 
roposcatter  RF 
rgin  (expressed  in 
ich  must  be 
ime  tc  meet  the 
mated  using  the 


3.2. 1.2.2  AVAILABILITY 


Availability  and  outage  are  as  defined  in  3. 2. 1.1. 3.  The 
availal)ility  cf  the  troposcatter  FF  link  shall  be  at  least 
F. 99985. 


3.2, 1.2.3  isn  COUNT  INTEGPIT\ 


Not  more  than  T.IX  cf  all  fade  outages  on  the  troposcatter  RF  hop 
shall  result  in  a loss  of  bit  count  integrity. 

3.2. 1. 2. U PRAME  SYNCHRONIZATION  ACQUISITION  TIME 

At  a received  signal  level  ccrrespcnding  to  a bit  error  rate  ot 
10  the  receiver  internal  multiplexing  function  shall  achieve 
trame  sysnchrcn izaticn  in  not  more  than  50  milliseconds  9511  of 
the  time. 

3.2. 1.2.5  MEAN  TIME  TO  LOSS  OF  SYNCHHON IZATICN 

The  trope  EF  link  shall  experience  nc  loss  cf  synchronization  for 
any  condition  in  which  BCT  is  maintained.  Not  more  than  0.57i  of 
all  fade  outages  cn  the  trope  FF  link  shall  result  in  a 
declaration  of  out-of-sync  unless  a less  of  BCI  has  occurred. 

3. 2. 1.2. 6 RF  EANCMIDin 

The  radiated  signal  ot  the  trope  FF  link,  including  all  RF 
frequency  uncertainties,  shall  have  99%  cf  its  energy  contained 
within  the  authorized  bandwidth  specified  in  3. 1.1. 3. 7. 2. 

3. 2. 1.3  TYPE  A REFERENCE  DiGRCUP  PEPFOPMANCE 

Performance  characteristics  cf  the  type  A reference  digroup 
(three  LCS  RF  links  in  tandem)  measured  from  cne  1.5^4  Mb/s  input 
port  to  the  corresponding  1.5U4  Mb/s  output  port  at  the  opposite 
end  of  the  link  shall  be  as  specified  in  3. 2.1. 3..  1 threugn 

3.2. 1.3.7. 


3. 2.  1. 3.  1 AVAIlABIhllY 

Availability  and  outage  are  as  defined  in  3. 2.  1.1. 3.  The 
availability  of  the  type  A reference  digreup  shall  be  at  least 
C .9998. 

3.2. 1.3.2  Eli  CCUNT  INTEGRITY 

Not  more  than  10F  cf  all  fade  outages  on  the  type  A reference 
digreup  shall  r<^sult  in  a loss  of  bit  count  integrity. 

R.2. 1.3.3  FRAME  SYNChPONIZATION  ACQUISITICN  TIME 

The  moan  time  to  reacquire  frame  sy nchronizaticn  follcwing  a loss 
ot  frame  synchren izaticn  cf  the  type  A reference  diqrcup  shall  be 
not  greater  than  50  milliseconds  following  restcral  cf  all  RF 
paths  within  the  reference  digroup  to  receiver  input  level 
corresponding  to  10"^  or  lower  bit  error  rate. 


3.2.  1. 3. U KEAN  TIME  10  ICSS  CF  SYNCHPONIZATICN 


Not  more  than  5%  of  all  fade  outages  on  the  type  A reference 
diyroup  shall  result  in  a declaration  of  cut-cf-sync  unless  a 
loss  of  PCI  has  cccurred. 

3.2.  1.3.5  OUTPUT  PHASE  SLEWING 

Phase  slewing  is  define!  as  a cumulative  change  in  relative  phase 
between  the  digreup  output  deck  signal  and  a phase  stable 
reference  signal  at  the  average  output  deck  freguency.  Final 
values  fer  this  parameter  are  under  study.  The  interim  values 
are:  The  naximum  variaticn  in  phase  between  the  digreup  output 

clock  signal  and  a phase  stable  reference  at  the  average  output 
deck  rate  shall  net  exceed  one  radian  over  any  HOC  bit  interval 
nor  C.1  radian  over  any  8C  bit  interval.  This  specification 
shall  also  be  met  with  up  tc  five  Type  A reference  digroups 
connected  in  tandem. 

3. 2. 1.3. 6 EEPCR  FREE  DATA  BLOCKS 

Not  more  than  C.0125  percent  of  all  1C00  bit  blocks  of  data 
transmitted  via  the  type  A reference  digreup  during  periods 
having  nc  equipment  failure  outages  shall  contain  errors.  All 
other  data  blocks  transmitted  during  such  periods  shall  be  error 
free. 


3. 2. 1.3. 7 FRCBAEILITY  OF  FADE  OUTAGE 

The  probability  of  fade  outages  longer  than  five  seconds  pe- 
call-minute  on  the  type  A reference  digroup  shall  be  nc  greater 
than  3.75x1C"^.  A fade  outage  is  as  defined  in  3.2.  1.1.  1. 

3.2.  1.4  TYPE  E REFERENCE  DIGRCUP  PERFCRFANCE 

Performance  characteristics  cf  the  type  B reference  digroup  (two 
LOS  PF  links  and  one  trope  PF  link  in  tandem)  measured  from  one 
1.5UU  Kb/s  input  port  to  the  corresponding  1.5uu  Mb/s  output  port 
at  the  opposite  end  of  the  link  shall  be  as  specified  in 
3.2. 1.4.1  through  3.2. 1.4.7. 

3.2. 1.4.1  AVAILABILITY 

Availability  and  outage  are  as  defined  in  3. 2. 1.1. 3.  The 
unavailability  of  the  type  R reference  digroup  shall  be  at  least 
C.9997. 

3. 2... 4. 2 BIT  COUNT  INTEGRITY 

Not  more  than  2%  of  all  fade  outages  on  the  type  B reference 
digroup  shall  result  in  a loss  of  bit  count  integrity. 
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3.2.1.U.3  FRAME  SYNCHRONIZATION  ACQUISITION  TIME 

The  Bean  time  to  reacquire  frame  synchronizaticn  follcuing  a loss 
of  frame  synchronization  cn  the  type  B reference  digroup 
transmission  link  shall  be  not  greater  than  5C  milliseconds 
following  restoral  cf  all  RF  paths  within  the  reference  digroup 
to  receiver  input  level  corresponding  to  a 10"^  or  lower  bit 
error  rate. 

3. 2.  1.4,4  mean  time  TO  LOSS  CF  S YNCHRCNIZATICN 

Not  more  than  of  all  fade  outages  on  the  type  B reference 
digroup  shall  result  in  a declaration  of  cut-cf-sync  unless  a 
loss  of  ECI  has  occurred, 

3.2. 1.4.5  OUTPUT  PHASE  SLEWING 

Phase  slewing  is  defined  as  a cumulative  change  in  relative  phase 
between  the  digrcup  output  clock  signal  and  a phase  stable 
reference  signal  at  the  average  output  clock  frequency.  Final 
values  for  this  parameter  are  under  study.  The  interim  values 
are:  The  maximum  variation  in  phase  between  the  digrcup  output 

clcck  signal  and  a stable  phase  reference  at  the  average  output 
deck  rate  shall  net  exceed  one  radian  over  any  800  bit  interval 
nor  C. 1 radian  over  any  80  bit  interval.  This  specification 
shall  alsc  be  met  with  up  to  five  Type  B reference  digroups 
connected  in  tandem. 

3.2. 1.4. 6 ERECE  FREE  DATA  BLOCKS 

Not  more  than  0,025  percent  of  all  1000  bit  blocks  of  data 
transmitted  via  the  type  B reference  digroup  during  periods 
having  nc  equipment  failure  outages  shall  contain  errors.  All 
other  data  blocks  transmitted  during  such  periods  shall  be  error 
free. 

3. 2. 1.4. 7 PRCEAtILITY  OF  FADE  OUTAGE 

TJie  prehability  of  fade  outages  Icnger  than  five  seconds  per 
call-minute  on  the  type  E reference  digroup  shall  be  nc  greater 
than  10"^.  A fade  outage  is  as  defined  in  3.2.1,  l.i, 

3.2. 1.5  REFERENCE  VOICE  CHANNEL  FEPFOEMANCE 

Performancs  characteristics  of  the  reference  vcice  channel  as 
defined  in  3.2.1  and  depicted  in  Figure  A-l4  shall  be  as 
specified  in  3.2. 1.5.1  through  3. 2. 1.5.2.  Perfcrmance 
char dcterist ics  for  the  reference  voice  channel  shall  be  measured 
from  the  voice  channel  input  of  one  Level  1 PCM  multiplexer  to 
the  corresponding  voice  channel  output  of  a Level  1 PCM 
multiplexer  at  the  opposite  end  of  the  channel. 
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3. 2. 1.5.1 


availability 


Availability  is  the  cumulative  percentage  of  time  that  the  system 
is  not  in  an  outage  coniition.  An  outage  for  the  reference  voice 
channel  is  defined  as  any  period  in  excess  of  one  minute  in  which 
the  bit  error  rate  measured  at  the  1.544  Mb/s  input  to  the 
channel  demultiplexer  is  greater  than  10"6  or  any  period  in 
excess  of  one  minute  in  which  channel  performance  as  specified  in 
3. 2.  1.5. 2 is  not  maintained  (e.g.,  channel  quality  degradation 
due  to  Level  1 PCM  multiplexer  component  failures).  The 
availability  of  the  reference  voice  channel  shall  be  at  least 
G.99q. 

3.2. 1.5.2  VOICE  CHANNEL  CHARACTERISTICS 

The  detailed  transfer  characteristics  and  non-faded  distortion/ 
noise  characteristics  of  the  reference  voice  channel  shall  be  as 
specified  in  specification  CCC-74047,  Specification  for 
Multiplexer/Demultiplexer  TD-1192(  ) P/F,  paragraph  3.2.  In 
general,  the  VF  channel  characteristics  are  those  of  64  kb/s, 

-law  companded  pulse  code  modulation  with  nominal  3CC-34C0  Hz 
bandwidth  and  providing  built-in  E6M-lead  supervisory  signalling. 

3.2. 1.6  REFERENCE  DATA  CHANNEL  PERFCFKANCE  16000x2^  E/S  AND 
5C  KB/S 

Performance  characteristics  of  the  reference  data  channel  {as 
defined  in  3.2.1  and  depcited  in  Figure  14)  shall  be  as  specified 
in  3. 2. 1,6.1  through  3,2.  1.6.4.  Performance  characteristics  of 
the  reference  data  channel  shall  be  as  measured  from  the  data 
submultiplexer  channel  input  to  the  corresponding  channel  output 
of  the  data  submultiplexer  at  the  opposite  end  of  the  channel  for 
16000x2^  b/s  data  channels  (N=0,1,2,3),  and  shall  be  from  the 
channel  input  of  the  Level  1 PCM  multiplexer  to  the  corresponding 
channel  output  of  the  Level  1 PCM  demultiplexer  at  the  opposite 
end  of  the  channel  tor  50  kb/s  data  channels. 

3.2. 1.0. 1  AVAILAEj.i.i''Y 

An  outage  tor  the  reference  data  channel  is  defined  as  any  period 
in  excess  of  one  minute  in  which  the  bit  error  rate  at  the 
channel  output  exceeds  10"°.  The  availability  of  the  reference 
data  channel  shall  be  at  least  0,999. 

3.2.  1.6.2  FIT  COUNT  TNTEOHITY 

Not  more  than  5%  of  all  fade  outages  on  the  reference  data 
channel  shall  result  in  a loss  of  bit  count  integrity. 

3.2. 1.0.  3 PHASE  SLEWING 

Phase  slewing  is  defineil  as  a cumulative  change  in  relative  phase 
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tetween  the  data  channol  output  clock  signal  and  a phase  stable 
reference  signal  at  the  average  output  clock  signal.  Phase 
slewing  cn  the  output  of  the  reference  data  channel  in 
asynchronous  mode  shall  not  exceed  a peak  relative  phase 
excursion  of  on*^  radian  over  any  32C0  bit  interval  nor  0,1 
radians  over  any  320  bit  interval.  The  phase  slewing 
requirements  for  synchronous  mode  are  (to  be  determined), 

3. 2.1. 6. u HilHCR  'RZE  DITfl  RLOCKS 

Not  more  than  C.Ch  percent  of  all  1000  bits  blocks  of  data 
transmission  via  the  reference  data  channel  during  periods  having 
no  equipment  failure  outages  shall  contain  errors.  All  other 
data  blocks  transmitted  during  such  periods  shall  be  error  free, 

3.2.  1.7  ^ETFRENC''  WIDEBAND  DATA  CHANNEL 

The  reforonco  wideband  data  channel  shall  operate  at  a data  rate 
of  3.C88  or  t.176  Nb/s  and  shall  be  composed  of 

appropriately  strapped  ports  of  the  reference  digroup 
transmission  link.  The  performance  of  the  reference  wideband 
data  channel  shall  be  the  same  as  that  of  the  reference  digroup. 

3.2. 1.8  REFERENCE  LOW  SPEED  DATA  CHANNEL 

(To  be  determined-"3pec if ied  parameters  will  include 
a vailaoility , mean  time  to  less  of  bCI  and  character  error  rate.) 

3. 2. 1.9  SERVICE  CHANNEL  CHARACTERISTICS 

3.2. 1.9.1  GENERAL 

The  system  shall  provide  two  voice  service  channels  plus  one  data 
channel  that  are  seoarate  frera  and  independent  cf  the  mission 
channels.  These  service  channels  shall  have  appearances  at  every 
site  of  the  system. 

3.2. 1.9.2  VOICE  SERVICE  CHANNEL  NETWORKS 

The  system  shall  provide  suitable  bridging  and/or  switching 
capability  to  allow  the  configuration  of  service  channels  into 
networks  cf  up  to  VO  individual  sites,  A suitable  method  of 
signalling  between  sites  shall  be  provided  to  allow  personnel  at 
any  site  of  a network  to  gain  the  attention  of  personnel  at  any 
other  site  of  the  network.  The  actual  size  of  each  service 
channel  network  and  the  number  of  such  networks  within  the  system 
will  be  determined  by  system  deployment.  The  service  channel 
equipment  within  the  system  shall  not  limit  achievable  network 
configurations  except  as  specified  herein. 


3. 2. 1.9. 3 DAIA  SERVICE  CHANNEL  NETWORKS 


The  data  service  channel  shall  be  capable  of  forming  networks  of  ; 

interconnected  sites  in  which  each  site  can  insert  data  in  an  j 

appropriate  preprogramro>ad  way.  Each  site  shall  be  provided  with  I 

at  least  bit/second  data  insertion  capability.  The  data  { 

channel  shall  provide  at  least  32  kb/s  capacity.  j 

3.2. 1.9. a VOICE  CHANNEL  CHARACTERISTICS  ! 

i 

Service  channel  voice  channels  between  any  twc  adjacent  sites  j 

shall  meet  the  requirements  cf  3.2.  1.5.2.  The  unavailability  of  j 

service  channel  voice  channels  between  any  twc  adjacent  sites 
shall  net  exceed  2x10"^. 

3.2.  1.9. 5 DATA  CHANNEL  CHARACTERISTICS 

Service  channel  data  channels  between  any  two  adjacent  nodes 
shall  meet  the  requiremants  of  3. 2, 1.6  with  the  following 
exceptions:  (to  be  determined) 

3.2.1.10  FAULT  ALARK  AND  MONITORING  CHARACTERISTICS 
3.2.1.10.1  ALARMS  AND  STATUS  INDICATIONS 

The  system  shall  provide  output  alarms  and  status  indications  to 
indicate  selected  equipment  failures/status  as  specified  in 
individual  equipment  specifications  and  to  the  extent  necessary 
, to  meet  equipment  failure  related  availability  requirements 

t specified  herein.  These  alarms  shall  automatically  detect  and 

automatically  isolate  at  least  75%  of  all  failures  affecting  two  | 

or  more  VF  channels  tc  a specific  equipment  and  at  least  97%  of  | 

all  failures  affecting  two  or  more  VF  channels  tc  a specific  j 

site.  The  system  shall  provide  alarm  indications" for  failure  of  I 

redundant  units  sufficient  tc  allcw  repair  of  these  failures  as  | 

needed  to  meet  availability  requirements  specified  herein. 

Whenever  switched  redundancy  or  switched  functional  bypass  is  1 

used,  the  system  shall  provide  a status  output  indicating  which  | 

of  the  switching  units  is  the  cn-line  unit.  The  system  shall  ! 

provide  an  alarm  indication  whenever  a synchronized  unit  of  • 

equipment  loses  synchronization.  i 

1 

3.2.  1.  1C. 2 PERFORMANCE  MCNITCRING 

Equipments  within  the  system  shall  provide  the  following 
performance  indications  as  appropriate  tc  the  particular 
equipment : 

a.  Received  signal  level  - an  output  indication  capable  of 
describing  the  received  signal  level  into  system  receivers. 
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[ b.  Framing  bit  errors  - an  output  indication  from  each  unit 

which  detects  and  aligns  a time  division  framed  signal  that 
; indicates  the  occurrence  of  errors  in  frame  signals, 

[ c,  Peceived  signal  quality  - an  output  indication  capable  of 

i describing  the  predetecticn  signal- to-noise  ratio  of  each 

receiver  demodulator. 

f 5.2.1.11  ENCBYPTION  CHARACTERISIICS 

! The  system  shall  provide  bulk  encryption  for  all  mission  bit 

I streams  and  have  the  ability  to  encrypt  all  service  channel  bit 

f streams.  The  system  shall  be  compatible  with  the  TSEC/CI-3 

(KG-81)  encryption  equipment.  Mission  bit  streams  shall  be 
r capable  of  being  encrypted  on  an  individual  digroup  basis  or  as  a 

[ combined  mission  bit  stream  at  data  rates  up  tc  14  Mb/s.  Service 

[ channel  bit  streams  shall  be  capable  of  being  separately 

I encrypted.  The  performance  requirments  specified  in  3.2.1  shall 

; be  met  with  bulk  encryption  applied  to  all  mission  bit  streams, 

f The  bulk  encryption  capability  when  provided  at  the  mission  bit 

i stream  level  shall  be  provided  with  a clear  text  bypass 

[ arrangement  that  allows  a manual  or  automated  bypass  of  the 

f encryption  unit  in  the  event  of  failure.  Transfer  into  the  clear 

' text  bypass  mode  shall  be  indicated  by  a remote  alarm.  Since  the 

I bulk  encrypted  digital  transmission  facilities  will  handle  only 

I unclassified  traffic,  traditional  TEMPEST  requirements  shall  not 

apply.  Individual  equipments  shall  meet  appropriate  requirements 
‘ of  MIL-STD-461,  Electromagnetic  Interference  Characteristics 

Requirements  for  Equipments,  Installation  practices  and 
f procedures  for  equipments  shall  meet  the  requirements  for  BLACK 

systems  of  MIL-HDBK- 2 32 , KIL-HD3K  for  RED/ELACK  Engineering 
Installation  Guidelines.  Each  installation  site  shall  be 
inspected  and  evaluated  to  determine  whether  an  adequate  area  of 
U.S.  control  surrounding  the  equipment  location  necessitates  the 
implementation  of  additional  measures  for  protection  against 
interception. 

3.2.1.12  HF  INTERFERENCE  CCNTROL  CHARACTERISTICS 

To  be  completed  in  a later  issue  of  this  specification.  The 
requirements  to  be  specified  will  include: 

a.  Minimum  transmitter- to-receiver  frequency  spacing, 

b.  Minimum  transmitter-to-transmitter  frequency  spacing. 

c.  Minimum  receiver-to-receiver  frequency  spacing, 

d.  -Minimum  geographical  separation  required  for  frequency 
reuse . 

e.  Minimum  geographical  and  frequency  separation  for 
adjacent  channel  use. 

t.  Receiver  spurious  rejection  requirements. 

g.  Receiver  intermodulaticn  requirements, 

h.  Transmitter  spurious  output  requirements. 
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3.2.2  PHYSICAL  CHAHACTERISIICS  - to  be  determined  in  a later 
issue  is  applicable. 

3.2.3  RELIABILITY 


The 

reliab 

ility  c 

a vailabili 

ty  requ 

3.2. 

1. 

i.2. 

4 MAI 

NTENANC 

The 

mean  t 

ime  to 

restore  system  failures  hhich  result  in  a system 
service  outage  shall  not  exceed  30  minutes  for  manned  stations 
and  3 hours  for  unmanned  stations.  The  time  to  restore  shall 
include  all  time  from  the  occurence  of  the  failure  until  restoral 
of  service.  The  system  shall  te  capable  of  being  remotely  looped 
back  or  of  remotely  switching  redundant  units  at  key  points  at 
each  unattended  location  to  facilitate  fault  isolation. 


3.2.U.1  CONTROLS  AND  ADJUSTMENTS 


The  system  shall  be  designed  with  the  minimum  practical  number  of 
manual  field  controls  and  adjustments.  The  stability  of  system 
equipment  alignment  shall  be  such  that  no  adjustment  is  required 
to  meet  all  requirements  of  this  specification  for  a continuous 
30  day  period. 


3.2.?^  ENVIRONMENTAL  REQUIREMENTS 


in  the 


All  system  equipments  except  antennas  and  exterior  waveguides 
shall  operate  continuously  and  shall  meet  all  performance 
requirements  of  this  specification  when  subjected  to  any 
combination  of  temperature,  altitude  and  humidity 
following  ranges: 

C to  50  Deg.  C 
9555 

15,000  feet  msl 
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3.2.6  E 
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c Su 

rope  C- 

; shall  te  selected  to  be 
:ed  exterior  environment  at 


each 


MEASURES  (ECCM) 


I DCS  exists  due  to  known 
; (Draft  Final  Report--  European 
ms  Study  Group,  25  April  1975, 

,”  Annex  D--”Warsdw  Pact  ECM.”) 
The  cost-ef tectiveness  of  applying  specific  ECCM  measures  to  the 
system  versus  seeking  alternative  ways  to  assure  critical  command 
and  control  communications  is  under  study.  Results  cf  this  study 
will  te  added  to  this  specif icaticn,  if  appropriate,  at  a later 
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issue 


3.2.7  NUCLFAP  ENVIPONMEHT 


The  diqital  transmission  system  shall  be 
permanent  damaye  due  tc  the  effects  of  a 
electromaynetic  pulse.  All  external  tra 
a facility  shall  be  protected  Kith  suita 
Provisions  for  the  protection  of  equipme 
to  a station  shall  be  determined  by  stud 
Kill  be  furnished  in  a later  issue. 
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3.3  design  and  CCNSTPUCTION 

3.3.1  PARTS,  XATFPIALS,  AND  PROCESSES 

The  selection  and  application  of  parts,  materials,  and  processes 
for  and  during  fabrication  of  the  equipment  shall  be  suitable  to 
meet  requirements  specified  herein  for  reliability,  environmental 
and  E?1I. 


3.3.2  IEFNTIFICATION  AND  MARKING 


All  markings  shall  be  clear,  concise,  legible,  and  permanent. 

The  system  equipment  assemblies,  and  modules  shall  be  marked  with 
identification  as  delineated  below. 

3.3.2. 1 CCNTBCLS 

All  controls  shall  be  clearly  marked  in  a manner  which  indicates 
their  function  and  enhances  the  ability  to  adjust  the  system 
equipment. 

3. 3. 2. 2.  COMPONENTS  AND  MODULES 

All  lamps,  switches,  fuses,  jacks,  and  test  points  shall  be 
marked.  All  other  ccmpcner.ts  referenced  in  the  schematic 
diagrams  shall  be  marked  wherever  possible. 

3. 3.2. 3 WISING 


All  terminal  strips  sliall  have  each  te 
wires  leading  thereto  shall  be  identif 
sleeves  or  equivalent.  Each  cable  and 
with  a permanent  cable  band  or  stencil 
reference  designators. 


rminal  numbered  and  all 
ied  with  permanent  numbered 
receptable  shall  be  marked 
, respectively,  giving 


3. 3. 2. a DIAGRAMS  AND  CUARTS 

Decals  and  captive  plastic  encased  diagrams  and  charts  shall  be 
provided  in  appropriate  places  on  or  adjacent  tc  cards,  modules, 
or  chassis  to  depict  the  following: 
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a.  Aliqnnent  procedures. 

b.  Ncrnal  levels  for  all  test  points  and  meter  readings. 

3.3.3  WORKMANSHIP 

Workmanship  shall  be  in  accordance  with  MlL-STD-‘*54,  requirement 

9. 

3. 3. 3.1  FACTORY  ACdOSTMENT 

Controls  which  do  not  require  adjustment  during  routine 
raaintainance  and  operation  shall  be  sealed  at  the  factory  with 
glyptcl  cr  equivalent. 

3.3.4  TNTERCHANGEADIIITY 

Provisions  for  interchangeabilty  shall  be  in  accordance  with 
MIL-SID-454,  Requirement  7. 

3.3. 4.1  .10DULAPTTY  AND  CCMMCNALITY 


Modular  construction  shall  be  employed  and  the  equipment  shall  be 
designed  for  fixed-plant  installation.  The  equipment  shall  be 
designed  with  replaceable  plug-in  modules  and  plug-in  printed 
circuit  cards.  Printed  circuit  boards  used  within  replaceable 
plug-in  modules  are  not  required  to  be  pluq-in.  Plug-in  modules 
and  cards  shall  be  designed  tc  permit  maximum  interchangeability. 
All  plug-in  modules  and  cards  shall  be  keyed  tc  prevent  errors  in 
replacement.  All  replaceable  components  shall  be  limited  to  as 
few  different  types  as  possible  to  simplify  spare  parts  stocking 
requirements.  All  plug-in  modules  and  cards  shall  be  provided 
with  test  points  and  shall  require  no  unsoldering  or  removal  of 
wires  in  erder  tc  remove  the  modules  or  cards.  Pin  jacks  may  be 
used  tor  front  panel  test  points.  Modules  and  cards  shall  be 
securely  locked  in  position  when  in  place  so  that  they  cannot  be 
loosened  by  vibration.  This  requirement  may  be  met  by  a 
mechanical  detent  device.  Friction  alone  is  not  adequate. 


3.3.5  SAFETY 


Ml  construction  and  material  installation  shall  be  designed  to 
prevent  injury  tc  personnel  or  equipment  during  installation, 
operation,  and  maintenance.  Personnel  safety  provisions  shall 
conform  tc  MIL-STD-454,  Requirement  1. 

3.4  nOCUMFNTATTON  - TBD 

3.5  LOGISTICS  - TED 

3.6  CETATLFP  FUNCTIONAL  EQUIPMENT  CHARACTERISTICS 

(To  be  determined)  designation  below  reflects  that  detailed 
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equipment  specifications  for  each  unit  will  be  referenced  when 
they  are  completed.  Plans  for  these  -equipments  are 
cojitained  in  the  CCA  BDT6E  Plan.) 

3.6.1  LFVEL  1 PCM  MULTIPLEXER  - CCC-74047 

3.6.2  LEVEL  2 IDM  MULTIPLEXER  - CCC-74048 

3.6.3  LEVEL  A 16000x2*''  TDM  SUBMULTI FLEXEP  - TEC 

3.6.U  LEVEL  E LOW/MEDIUM  SPEED  TDM  SUBMDLTIPLEXER  - TBE 

3.6.5  SERVICE  CHANNEL  MULTIPLEXER  - TED 

3.6.6  LOS  DIGITAL  RADIO  SET  - CCC-74049 

3.6.7  DIGITAL  APPLIQUE  UNIT  - TBD 

3.6.8  TROEO  DIGITAL  RADIO  SET  - TBD 

3.6.9  STATION  CLOCK  AND  TIMING  SUBSYSTEM  - TED 

3.6.10  TRANSMISSION  STATUS  MONITORING  AND  CONTROL  UNIT  - TBD 

3.6.11  BULK  ENCRYPTION  UNIT  - TT-B1-6C02-0009 
4.0  SYSTEM  TEST  REQUIREMENTS  - TBD 


APPENDIX  B 


PROBABILISTIC  BASIS  FOR  FADE  OUTAGE,  AVAILABILITY 
AND  ERROR  FREE  BLOCK  CRITERU 


In  d nuBkec  c£  areas  in  this  report,  a paraseter  used  to 
describe  the  perfornanca  of  a conposite  circuit,  ccaposed  of  a 
large  numter  of  component  elements,  is  represented  to  be  equal  to 
the  sum  of  the  value  of  the  parameter  .for  each  of  the  component 
elements.  For  example,  the  unavailability  (one  minus  the 
availability)  of  a circuit  is  said  to  be  equal  to  the  sum  of  the 
unavailabilities  of  each  segment  of  the  circuit.  Strictly 
speaking,  this  representation  is  an  approximation  but  it  is  an 
approximation  that  is  sufficiently  valid  as  used  herein.  This 
appendix  is  provided  as  a generalized  explanation  of  this 
approximation  to  avoid  continuing  explanations  throughout 
report.  The  necessary  condition  for  the  validity  of  this 
approximation  are: 


the 


a.  The  ccmpcsite  parameter  is  the  complement  or  the 
probability  of  occurrence  of  some  event  or  condition 
on  the  composite  channel. 
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Examples  of  parameters  which  are  included  in  the  above 
category  are  unavailability,  probability  of  fade  outage  and 
er tor-f ree-block  probability.  Of  the  above  conditions,  a.  and  b. 
apply  to  these  parameters  by  definition.  Condition  d.  applies  to 
all  of  them  by  design  since  the  design  goal  for  each  of  these 
characteristics  at  the  ccmpcsite  level  is  itself  very  much  less 
than  unity,  hence  rendering  each  of  the  N components  even 
smaller. 
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ve,  that  of  independence  is  less  obviously 
For  all  propagation  related  phenomena,  the 
ical  independence  among  a tandem  set  of  EF 
the  extent  that  the  per  link  probability  of 
lly  cr  diurnally  related.  Such  is  the  case 
ied  line-cf-sight  propagation  phenomena, 
ks  this  seasonal  and  diurnal  correlation  was 
ter  is  additive  as  assumed  herein  about 
mean  value.  Thus,  the  ccmpcsite  value 
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prciiability  is  actually  the  annual  «ean  value  c£  this  paraaeter. 
During  the  fading  season,  all  RF  links  which  are  >jeo<jraphically 
within  that  season  will  have -a  fade  probability  greater  than  the 
Bean  and  thus  the  coapesite  probability  during  that  season  will 
be  considerably  higher  than  the  aean.  Conversely  during  the 
non-fading  season,  the  cemposite  probability  will  be  considerably 
lower  than  the  aeai'.  The  allocation  of  requireaents  herein, 
based  cn  annual  averages,  is  an  engineering  judgaent  that  it  is 
not  desirable  to  engineer  for  an  overall  worst  case  condition 
which  includes  both  a worst  case  connection  (i.e.,  the  global 
reference  circuit)  and  a worst  case  hour  of  the  year.  It  is 
expected  that  the  short  term  value  of  the  coapesite  parameter 
will  very  rarely  exceed  its  moan  by  more  than  an  ctder  of 
magnitude,  and  will  generally  reside  even  nearer  to  the  mean. 


COMPARISON  OF  IINE-CF-SIGHT 
LINK  DESIGN  CRITERIA 


Th^  following  xs  a ccntfarison  of  the  RF  link  macgin 
requirements  ter  a typical  DCS  1 ine-cf-sight  link  based  on  the 
fade  outage  probability  criterion  specified  herein  vice  the 
previously  used  media  availability  criterion. 

Consider  the  design  of  an  RF  link  of  30  mile  (U8  km)  length 
with  dual  space  diversity  reception,  30  foot  (3,1  meter)  antenna 
separaticn,  traversing  average  terrain  and  climate. 

The  previous  design  criterion  was  a 0,99993  media 
availability  to  a bit-error-rate  threshold  of  5x10'^  . The  media 
unavailability  for  this  link  is  obtained  from  section  IV, 3, d, 
equation  (1).  This  equation  has  been  evaluated  for  the  case  in 
question  and  is  plotted  in  Figure  3,  The  fade  margin  required 
for  the  specified  availability,  from  Figure  3 is  3C  dB,  This 
means  that  the  engineered  median,  non-faded  value  for  received 
signal  level  (RSL)  must  be  30  dB  above  the  RSL  which  corresponds 
to  a 9x10~^  bit-error-rate  for  the  selected  RF  receiver.  No 
additional  miscelianecus  loss  margin  (Lm  ct  section  IV, 3, E, 
equation  8)  was  specified  in  the  previous  design  criterion. 

The  present  design  criterion  is  a 1.25x10”^  probability  of 
fade  outage  in  outage  range  III  where  a fade  outage  is  any  period 
of  sufficient  duration  in  which  the  RSL  is  below  that 
corresponding  to  a 10”^  bit-er ror-rate.  From  section  IV, 3, d. 
Figure  6,  the  fade  margin  required  to  meet  this  criterion  is  32 
dB.  In  the  present  link  design  approach,  an  additional  5 dB 
margin  is  required  for  miscellaneous  losses.  This  means  that  the 
engineered  median,  non-faded  value  for  SSL  must  be  38  ds  above 
that  which  corresponds  to  a 10"^  bit-errer-rate.  Since  there  is 
a difference  of  approximately  3,7  dB  between  the  10"^ 
bit-error-rate  point  and  the  5x10“^  bit- error-rate  point  for  a 
typical  LOS  receiver,  the  above  link  design  criterion  can  be 
restated  as  the  non-faded  RSL  value  must  be  34.3  dB  above  the 
5x10"®  bit-er ror- rate  point.  Thus,  the  link  design  specified 
herein  requires  4,3  dB  more  link  margin  than  does  the  previously 
used  criterion. 
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APPENDIX  D 


QUALITY  ASSURANCE  TEST  METHODS  FOR  DCS  lOS  LINKS 

1.  INTRCCUCTION 

This  appendix  discusses  nethods  to  assess  uhether  insralled 
DCS  links  neet  the  link  pecforaance  reguirenents  specified  herein. 

Such  an  assessment  is  necessary  for  system  acceptance  testing 
and  for  periodic  quality  assurance  testing.  Seme  of  the 
characteristics  of  the  system,  such  as  the  specified  VF  channel 
characteristics,  are  relatively  straightf erward  to  test  and  are 
not  discussed  here.  The  basic  link  design  requirements,  however, 
such  as  fade  outage  probability  and  availability,  are  probabilistic 
in  nature  and  thus  their  test  verification  is  not  straightforward. 

This  appendix  discusses  recommended  testing  of  DCS  LOS  links  to 
verify  that  the  probalistic  link  design  requirements  such  as  outage 
probability  and  availability  are  being  net.  Thus,  it  is  not 
intended  that  this  appendix  be  considered  an  exhaustive  treatment 
of  all  necessary  LOS  link  testing.  Similar  testing  requirements 
for  verifying  probablistic  requirements  cf  troposcatter  links  are 
more  complex  and  are  treated  separately  in  TR  17-76. 

Since  a single  link  represents  a very  small  pertion  of  the 
total  overall  circuit,  its  performance  must  be  extremely  good  in  j 

order  that  the  combined  performance  of  all  links  provides  ’ 

acceptable  quality  for  the  overall  circuit.  Thus,  the  specified  { 

requirements  for  probability  of  fade  outage  and  mean- time-between- 
equipment-outage,  when  applied  to  an  individual  link,  have  values  i 
so  small  that  their  verification  would  require  a prohibitively  I 

expensive  test.  For  example,  a typical  requirement  for  the 
mean- time-between-fade-outage  on  a 30-mile  diversity  RP  link  is 
3 )(  10®  seconds  or  about  35  days.  In  order  to  obtain  an  adequate 
test  of  this  parameter,  the  test  period  would  need  to  be  on  the 
order  of  ten  times  the  mean  or  nearly  a year.  Similarly,  the 
mean-time-between-equipment-outages  for  an  unattended  repeater 
is  approximately  55,000  hours  or  6-1/3  years.  Clearly,  the 
above  parameters  are  not  suitable  for  direct  measurement.  Thus, 
acceptance  testirg  and  quality  assurance  testing  of  DCS  links 
should  be  aimed  at  verifying  intermediate  level 
characteristics  of  the  installed  links  which  are  related  to  the 
above  system-level  requirements  in  a known  way,  rather  than 
attempting  to  directly  test  the  primary,  system-level 
requirements. 

2.  BASIC  INTEGRATION  TESTING 
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Prior  to  testing  that  is  aimed  at  verifying  that  installed 
links  meet  statistical  system  criteria,  it  is  desirable  to  verify 
that  the  normal,  non-faded  and  non-failed  operation  of  the  system 
is  acceptable.  Thus,  link  and  channel  tests  should  be  performed 
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(down  to  the  lowest  level  of  aultiplezing  in  the  installation) 
during  a period  .with  lew  probability  of  deep  fading,  such  as  the 
hours  around  local  aidday  (11:00  a. a.  - 3:00  p.a.).  Curing  this 
period,  the  received  signal  level  should  be  aonitored  to  verify  that 
no  fading  of  aore  than  a few  dS  is  occurring*  Kith  no  or  aoderate 
fading,  the  portion  of  the  systea  under  test  should  be  essentially 
error-free.  Any  significant  aaount  of  errors  during  these 
conditions  aust  be  considered  as  representing  either  a faulty  unit 
of  eguipaent  or  an  installation  difficulty  and  should  be 
1 corrected.  During  this  test,  not  only  should  the  error  free  state 
I be  verified  but  also  the  receiver  signal  quality  aonitor  (SQH) 

I indication  should  be  conpatible  with  previously  obtained  factory 
I test  data  relating  the  SQN  value  to  a value  of  BSL  equivalent  to 
I that  being  received.  VP  channel  characteristics  should  also  be 
I equivalent  to  the  PCH  aultiplexer  badc-to-back  specifications. 

I An  additional  test  that  should  be  perforned  on  the  installed 
: systen  is  to  neasure  the  signal- to-noise  aargin  of  digital  lines 
between  equipoents.  The  sources  of  perturbaticn  in  these  interfaces 
are  excessive  noise  pickup  variation  in  ground  potential  between 
equipments,  inadequate  circuit  balance  and  pulse  shape  distortion 
due  to  cabling  irregularities.  Testing  of  this  interface  aust  be 
performed  very  carefully  to  assure  that  the  test  instrumentation 
does  not  introduce  more  perturbation  than  the  effect  to  be  tested* 

3.  BIT  ERROR  RATE  TESTING 


Since  the  systems  under  discussion  are  digital  systems,  it 
would  at  first  appear  that  a bit  error  rate  test  would  be 
fundamental  to  all  other  testing.  This  is  so  but  not  in  the 
i normally  expected  manner.  A properly  installed  system  composed 
' of  digital  radio  relay  links  should  exhibit  a bit  error  rate,  in 
the  absence  of  fading  or  ENI,  which  is  too  small  to  be  tested. 
Thus,  a test  of  the  system  for  errors,  under  normal,  non-faded 
conditions  should  be  performed  but  since  essentially  no  errors 
should  be  observed,  this  test  can  not  truly  be  termed  a bit  error 
rate  test.  Bit  errors  do  occur  in  a digital  system  during  RF 
fading  but  under  these  conditions,  the  error  performance  varies 
too  rapidly  tc  be  characterized  by  an  error  rate.  Appropriate 
testing  of  the  systen  fade  margin  is  discussed  in  the  following 
paragraph. 

4.  LINK  QUALITY  TESTING 

The  basic  link  quality  parameters  are  the  probability  of  fade 
outage,  the  mean- time-between-fade-outages  and  propagation 
"unavailability”,  all  of  which  are  related  to  each  other 
and  all  of  which  are  functions  of  the  following  variables: 

F = link  fade  margin  in  dB 

0 = link  length  in  statute  miles 

S = space  diversity  antenna  separation  in  feet 


season 


c = clinate  the  terrain  roughness  factor  for  subject  link 
r2  = receiver  diversity  switching  hysteresis  ratio 


These  paraaeters  are  related  to  basic  link  performance  by  equations 
such  as  eg.  (1)  of  TR  12-76,  para.  IV,  3,  d which  express  space 
diversity  link  propagation  '’unavailability"  as 


Pq  = + V 

° 56 


Of  the  above  parameters,  r is  a directly  neasureable 
characteristics  of  the  RF  receiver  and  both  S and  D ace  easily 
determined  characteristics  of  the  path.  Thus,  the  real  unknowns 
which  might  be  verified  during  link  testing  are  P,  a and  c.  It 
is  theoretically  possible  tc  verify  the  value  of  a and  c for  each 
installed  link  but  this  is  realistically  impractical  since  several 
years  of  testing  would  be  needed  to  truly  verify  the  actual  values 
of  a and  c while  their  potential  variability  is  not  large  enough 
to  justify  the  effort.  Thus,  link  testing  resolves  itself  to 
verification  that  the  intended  fade  margin  is  actually  achieved 
and  that  the  link  is  free  from  unpredictable  installation 
deficiencies. 


To  test  link  fade  margin  several  steps  are  required.  First, 
the  expected  unfaded  RSL  should  be  calculated.  Next  the  receiver 
RSL  indicator  should  be  calibrated  to  verify  the  RSL  indication 
corresponding  to  the  expected  unfaded  RSL.  The  actual  RSL  should 
be  recorded  for  several  days.  Although  periods  of  considerable 
fading  may  occur  during  this  sample  period,  significant  periods 
of  time  should  be  observed  during  which  the  RSL  is  essentially 
constant  and  unfaded.  These  periods  of  stable  F5L  should  be 
located  within  the  sample  period.  They  should  be  very  nearly 
the  same  from  day  tc  day  and  represent  the  non-faded 
RSL  for  the  link.  Following  these  tests,  the  RSL  monitor  should 
be  observed  tc  locate  another  such  period  of  stable,  non-faded  ^ 

RSL.  Such  periods  would  normally  be  expected  to  occur  around  \ 

local  midday  (11;0C  a.m,  tc  3;C0  p.m.).  A calibrated  attenuator  i 

should  be  inserted  at  the  receiver  input  and  attenuation  should 
be  increased  until  the  receiver  output  bit  error  rate  is  \ 

approximately  1C"’.  During  this  test  period,  the  RSL  should  be  j 

monitored  to  assure  that  the  attenuated  RSL  remains  equal  to  the  i 

previously  determined  non-faded  RSL  minus  the  attenuator  loss 
(i.e,,  that  the  RSL  prior  to  the  attenuator  stays  constant 
at  the  non-faded  link  RSL  value) . The  amount  of  attenuation  that 
has  been  added  is  equal  tc  the  actual  realized  non-diversity  link 
margin.  This  test  should  be  conducted  separately  on  each  diversity 
receiver  with  the  diversity  combines  disabled.  Then  a difference 
in  the  attenuator  values  on  both  diversity  branches,  equal  to  the 
diversity  hysteresis  ratio,  should  be  introduced  with  the  diversity 
switch  operative  to  verify  diversity  switch  performance.  Finally, 


D-3 


additional  RP  attenuation  should  be  added  until  the  bit  error 
rate  at  the  receiver  output  is  in  the  range  of  10-1  to  10-2  , At 
this  level,  the  nuaber  of  losses  cf  bit  count  integrity  and  loss  of 
fraae  synchronization  should  be  counted  over  a controlled  tine 
period.  Ouring  this  period,  the  SSL  must  be  monitored  to  verify 
that  it  remains  stable.  Any  variation  in  RSL  during  the  test 
period  greater  than  about  ^ 1 dB  should  be  cause  for  retesting. 

The  specific  bit  error  rate  and  test  tine  inteival  must  be 
determined  from  as-yet-unlcnovn  characteristics  of  the  Level  1 
and  Level  2 aultiplexers. 

If  the  link  fade  margin  is  confirmed  to  be  approxiaately 
equal  to  the  intended  design  value  by  testing  as  described  above, 
then  the  link  can  be  considered  to  have  achieved  its  intended 
design.  If  subsequent  to  installation,  a particular  link 
appears  to  provide  substandard  propagation  "availability",  an 
extended  test  could  be  structured  to  investigated  the  possibility 
of  inadequate  siting  or  a persistent  local  atmospheric  anomaly. 

It  it  falls  short  due  to  inadequate  measured  "non-faded"  RSL, 
antenna  orientation  and  waveguide  losses  should  be  investigated. 

If  it  meets  ambient  RSL  expectation  but  has  excessive  error  rate, 
RFI  and  installation  noise  problems  should  be  investigated. 

5.  LINK  AVAILABILITY 

Link  availability  is  a function  o£  the  mean-t ime-between- 
outage  performance  of  prime  equipments  and  station  power,  and  of 
the  degree  of  anomalous  RF  fading  which  occurs  on  the  link. 

None  of  the  above  parameters  is  suitable  for  direct  testing. 
Anomalous  fading  can  be  minimized  by  providing  adequate  path 
clearance.  Verification  of  path  clearance  adequacy  should  be 
evaluated  on  marginal  links  by  variable  height  antenna  tests 
during  a path  testing  phase  cf  link  installation.  For  links 
where  path  clearance  is  clearly  more  than  adequate,  such  testing 
is  not  necessary. 

Direct  testing  of  the  reliability  of  equipment  is  not  a 
practical  way  of  verifying  mean- time-between-cutage  (MTBO)  values 
as  large  as  those  required  of  most  DCS  equipments.  The  high  MTBO 
values  required  are  obtained  using  redundancy.  Whether  this 
redundancy  actually  provides  the  desired  MTBO  is  primarily 
determined  by  the  adequacy  of  automatic  fault  detection  and 
switchover  circuitry.  A recommended  means  for 
"verifying"  MTBO  is  to  direct  each  basic  equipment  supplier  to 
perform  the  following  analysis  and  tests: 

1)  Perform  a failure  mode  and  effect  analysis  to  predict  the 
expected  distribution  of  external  failure  symptoms.  For  example, 
for  an  RF  transmitter  what  percentage  of  internal  (component) 
failures  will  result  in  loss  of  power  output  versus  loss  of 
modulation  versus  change  of  output  frequency,  etc. 
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2)  Verify  that  the  set  of  perforsance  aonitor  sensors 
lapleaented  by  the  equipaent  contractor  actually  detect  the 
failure  syaptoa  they  are  intended  to  detect.  Verify  that  this 
coabination  of  sensors  should  be  expected  to  detect  the  necessary 
percentage  of  all  failures. 

3)  Verify  basic  non-redundant  equipment  NTBF  by  analysis  or 
test.  The  coabination  of  the  above  should  yield  NTBO  froa  the 
equation. 

l^gQ  _ non-redundant  MpF 

~ (1 -fraction  of  failures  automatically  switched) 


t Thus,  the  NTBO  cf  DCS  equipments  should  be  verified  at  the 

I equipment  level  by  the  equipment  supplier. 
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The  ether  basic  determinant  of  availability  besides  NTBO  is 
NTSR.  NISR  is  primarily  determined  by  the  prevision  of  adequate 
spare  pacts  logistics  so  that  when  a failure  is  found  it  can  be 
imaediately  fixed,  and  provisicn  of  adequate  manning  so  that  the 
travel  tine  and  administrative  waiting  tine  cemponent  of  restocal 
is  held  within  acceptable  bounds.  Both  of  the  above  factors  can  be 
verified  by  inspection.  If  a portion  of  the  system  is  to  be 
maintained  by  NILDEP  activity,  the  HILDEP  should  make  adequate 
logistics  and  manning  plans,  preferably  described  by  a suitable 
NTSR  analysis.  For  porticos  of  the  system  which  are  to  be 
contractor  operated  and  maintained  (such  as  one  ptocucement  option 
for  the  Nashington  Area  Wideband  System) , the  contractor's 
proposal  should  be  required  to  provide  a definitive  analysis  of 
(1)  failure  rates,  (2)  needed  logistics  stocking  levels  which  take 
into  account  resupply  lead  time  for  parts,  (3)  manning  plans  which 
validate  that  maintenance  travel  time  will  not  be  excessive  and 
(U)  an  analysis  of  adequacy  of  alarm  remoting  that  shows  that 
restoral  at  unattended  sites  can  be  accomplished  adequately  by 
remote  action  or  by  a single  maintenance  trip. 
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